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' 1.0 Abstract

The design flexibility afforded by distributed drive train technology
in combat vehicles is most evident in the context of hydrostatic
drives when compared to more conventional cross drive transmissions.

. For an amphibious vehicle, weight distribution is a key factor that
makes hydrostatic drives attractive to the designer; but in the past,
poor efficiency, lack of inter-track £orque transfer during powered
turns and lack of control stability have forced further development
prior to adoption.

The Rexroth Corporation Hydrostatic Drive with Secondary Regulation
(HDSR) is a unique and inovative form of hydrostatic drive that
addresses the shortcomings of conggﬂ}iona] systems. Rexroth has
analyzed the requirements for a 14 ton tracked vehicle (M113) and

. designed a transmission that will demonstrate the HDSR concepts to the
full. The system is based on a single variable displacement pump |

controlling the displacement and thereby the speed and torque of the

variable displacement drive motors. ~The system is designated constant
pressure and hence the drive and control of auxiliary circuits is
greatly simplified. The analysis of required vehicle performance
characteristics, show that the HDSR transmission meets specified
operating requirements. All assumptions in the analysis of
efficiencies and performance are taken as "worst case" or are noted
otherwise and are considered to be conservative,

‘ The hydrostatic transmission system proposed for use in this report is

the most efficient system commercially available today.




. 2.0 M113 Program Objective
The objective of this program is to equip a M113 Armored
Personnel Carrier with a Rexroth hydrostatic drive syvstem which
will provi&e an effective and efficient means of transmitting
power from the engine to the tracks of the vehicle. Rexroth
will also equip the vehicle with control systems which will allow
simple, loéical automotive type operation of the vehicle with a
minimum of operator skill and/or training. Rexroth will further
equip the vehicle with all auxiliary equipment (such as cooling
fan drive) as required to support main systems. Rexroth will
install, test and adjust all systems for proper operation, after
which the vehicle will be made available for testing and
evaluation by the U.S. Marine Corps.
‘ All systems are being designed with consideration givento the
following criteria:
- Human Factors Engineering (HFE)
- Acceésibility and maintainability of HDSR component

- System integration - M113/HDSR

3.0 M113 Main Systems Required
Hydrostatic Drive with Secondary Regulation (HDSR) T
Electronic control for HDSR system.

Electronic vehicle control system.




Two-speed, power-shift final drive gear units.

3~pad pump drive gear box.

Hydrostatic cooling fan drive.

Auxiliary hydraulic circuit to cool gear drives, shift
gears, release brakes and operate the ramp.

These systems are defined in further detail in subsequent

portions of this report.

4.0 M113 HDSR System Description

4.1 General

Hydrostatic Drives with Secondary Regulation (HDSR), as defined by
The Rexroth Corporation, incorporate variable displacement (over
center) hydraulic motors connected in parallel circuit. In
theory, the systems operate at constant pressure with motor
displacements being varied to meet motor speed requirements and
assumes that sufficient flow and torque is available to allow the
system to function. In HDSR systems, the motors also control
forward and reverse directions of rotation which allows counter
rotation turns on tracked vehicles and controls vehicle direction.
Successful operation of HDSR systems is keyed to accurate and high
speed motor displacement control. In HDSR systems, as many motors
may be used as are required to sétisfy system (vehicle) requirements

and all motors may be controlled independently.




.4.2 4DSR Applications : : i

HDSR Systems are most effectively applied in applications where
‘loads are both being driven and are, in other operating modes,
driving back into the system. In HDSR systems where motor loads
are (in some operating modes) driving the system, this energy is
directly additive to prime mover (engine) power to drive other
motors. This is the principle advantage of HDSR over conven-
tional hydrostatic drive systems.
M113 propulsion is a good application for HDSR where energies
generated by the inside track in the execution of powered turns
are directly additive to engine power to meet increased power
demand of the outside track.
Rexroth is a world leader in hydrostatic drive technology.
‘xperience to date has been primarily with conventional systems
in a wide range of applications. Rexroth experience indicates
that vehicle operating requirements of the M113 APC approach the
technical limits of conventional hydrostatic drive systems. It is
felt that advantages offered by HDSR will extend the operating
range over conventional systems and have therefore selected this

syvstem (HDSR) as being proper for M113 main propulsion.




-.3 HDSR Rationale

+.3.1 Direct regeneration of energy generated by the inside track
mechanism to the outside track mechanism in the execution of powered
turns. Energy losses are limited to efficiency losses in the track

motor and drive mechanisms.

4.3.2 Better motor control required by HDSR systems will result in
superior vehicle mobile control as compared to conventional closed
loop hydrostatic drives. This should be most apparent at higher
vehicle speeds where either straight line or minor adjustments to

straight line operation are required.

4.3.3 gnergy storage capability option may prove useful to meet
peak energy demands. Some HDSR Systems store braking and/or
overrunning load energies in hydraulic accumulators for later

use to improve fuel consumption or provide added energy for accel-_
eration. At Rexroth’s discretion, benefits of this feature may

-

benefits of this feature may be explored.

4.4 HDSR Main Component Description

The specific circuit which has been designed for this project
({Attachment 4) incorporates Rexroth model AA4V mobile motors and pump.
These units are described as axial piston, over center, swash-plate

design. They are capable of operating at pressures of up to 6000 psig




"and were selected for this application on thé basis of proven

reliability in hydrostatic drives systems and many available control
options (Attachments 1 & 2).

The HDSR main pump will be a Rexroth model AA4V250 (15.25 cu~-in/rev.)
axial piston pump with DA (Automotive) Control. This pump was
designed specifically for hydrostatic drive systems and is widely used
in heavy duty applications. The DA control is selected aé it
automatically maintains selected engine speed regardless of vehicle
power demands. This pump and the DA control are described in detail
in Attachment 1 data booklets RA06202 and RA06210/7.86. A single pump
will drive the HQSR system.

Motors selected for this system are Rexroth AA4VI125EL (7.625
cu~-in/rev) pumps which may be used as motors as well as pumps.

Motor control is electronic proportional for speed and accuracy

of motor displacement adjustment. Two motors per track are

specified in order to allow motor operating speeds of up to

3000 rpm. These motors are light weight mobile models. For

additional detail, see Attachment 2 (RA06200).

4.5 The Constant Pressure System
Main system pressure is controlled with a Rexroth model DBETR
{electronically controlled) pressure relief valve. HDSR

systems are defined as "constant pressure” systems. Operating




pressure in this circui; will be adjusted to optimize overall
svstem performance and meet peak system demands. With this

control feature, our system may be defined as a "constant pressure”
system with adjustable pressure levels. For additional detailg

.see Attachment 3 (RE 29166/8.86).

4.6 Main System Auxiliary Components

The system circuit diagram (with bill of material) is shown in
Attachment 4. In this circuit, the main pump (Item 1.0) drives four
(4) motors which are connected in parallel (Items 2.0). The circuit
may be described as a modified open loop system in that for all driven
modes of operation, fluid flow is always in the same direction. The
open loop description is modified in that return lines are connected
to the pump inlet which closes the loop. For braking modes of
operation, fluid_flow is reversed.

Srstem pressure is adjusted with a model DBETR (electronically
controlled) relief valve (Item 3.0).

Accumulators (Items 5 & 6) are shown connected in both pressure and
return line. These are for system pressure stability and to prevent
pump or motor cavitation during displacement adjustments.

Motor control fluid pressure is set at 350 péi by a pressure reducing
valve (Item % ) and filtered through a nominal 10 micron filter to
ensure control reliability. Motor control pressure and flow is

-

stabilized with accumulators (Items 7.0}.




Svystem cooling and filtration are accomplished in the loop which
returns control flow from the main pump and four motors to tank. The
air to hydraulic heat exchanger (Item 9.0) which was GFE supplied
with the vehicle will be used to cool this system. Filtration is
addressed in Attachment 13.

The hydraulic reservoir (Item 12.0) also supplied with the vehicle
wili be used for this system. This is a simple circuit. All
components are standard production items with proven performance

and reliability.

The unique feature of the system is in the control which is discussed

in the electronic c¢ontrol section of this report.

377 Performance Predictions

4.7.1 To achieve 60% gradability, 8400 lb-ft of torque must be
delivered to each of the vehicle sprockets. In this operating mode,
motor displacements are maximum (7.63 cu-in/rev) and pump displace-
ment is limited by the DA control to maintain engine peak power of
300 BHP at 2800 rpm.

System operating parameters in this mode are:

Engine speed = 2800 rpm
Pump speed = 2500 rpm @ 1.12:1 gear reduction
Engine output = 300 bhp




46 hp (Fan)

(1]

Parasitic losses
15 hp (Pump drives)
2 hp (Aux. pump)

68 hp (HDSR losses including line & F.D. losses)

Net hp available 169 hp to sprockets

Max. sprocket rpm (169 hp) (63000) = 52,7 rpm (3.0 mph)
. (100,800 in-1b) (2 sp.)

System flow = 52.7 rpm (8) (7.63 cu-in/rev.,) (4 Motors)
.86 (Eff)

14,962 cu-in/min (64.8 gpm)

Pump displacement = 14,962 cu-in/min = 6.60 cu-in/rev
(2500 rpm) (.91) (43% stroke)

Operating pressure = 5800 psi

4.7.2 To achieve 40 mph vehicle speed, the pump is at full
displacement (15.25 cu-in/rev), motors are destroked to meet
speed requirements and system pressure is reduced to improve

efficiency.

Operating parameters for this mode are:

Engine speed = 2800 rpm

Pump speed 2500 rpm @ 1.12:1 gear reduction

Sprocket speed 700 rpm @ 40 mph

‘Motor speed o= 3000 rpm @ 4.28:1 gear reduction
‘System flow = (2500 rpm) (15.25 cu-in/rev) (.94)
= 35,837 cu-in/min (155 gpm)
10




Motor displacement = {35,837 cu~in/min) (.88) = 2.63 cu~in/rev/
. (3000 rpm) (4) motor (34% stroke)

Sprocket torque 8750 lb-in/sprocket @ 125 1lb/ton roll. res.

Motor torque = 8750 1b-in = 1,100 lb-in/motor
(4.28) (2) (.93)
Motor pressure = 1100 (2) =2,825 psi h.A
(2.63) (.93) — \7
Sprocket hp =_TN__=(8750 lb-in) (2) (700) rpm = 1/94.4)5
63,000 63,000 e
Pump hp = _PQ = (2825 psi) (155 gpm) = 255 hp (input)
1714 1713 o

—~—

Main cooling fan must operate at less than 35000 rpﬁ 28 hp is available
for fan operation in this mode.

4.7.3 Acceleration

In normal vehicle operation, gear shifting will take plac; in the
10-12 mph range in order to effect a smooth torque transfer at a
constant system pressure. This is shown graphically on the torgue
speed curve in Attachment 6.

e do not plan to shift gears when evaluating HDSR system acceleration
capability between 0-20 mph. 20 mph may be reached with motor speeds
of 2800 rpm which is acceptable for AA4V125 high speed version motors.
Average accelerations are used to calculate accelerations between
points on the torque speed curve to determine estimat;d acceleration

time.

11




Formulas for acceleration: F

Acceleration Projection:

SPEED

MPH
3.0

5.0

SPEED
FT/SEC

4.40
7.33
11.00
14.67
22.00

29.33

Summary of System Operating

Engine speed

Pump speed

Motor(s) speed

Vehicle DBP

System flow

System press

Attachment 5 shows a graphic representation

SPROCKET

TORQUE
LB-FT
8400
7200
5200
4100
2650 -

2250

DBFP
LB

13,000
11,000
7,667
5,833
3,416
2,750

Low Speed
High DBP

2800 rpm
2500 rpm

568 rpm

17,660 lbs

65 gpm

5800 psi

torque vs. speed capability.

12

n

ma

Vo + at

~ MASS
LB/FT/SEC?

870
870
870
870
870
870

Parameters

ACC
FT/SEC

14,94
12.64
8.81
6.70
3.93

3.16

High
Low

2800
2500
3000
1750
155
2825

2

Speed
DBP

rpm
rpm
rpﬁ
lbs
gpm

psi

of brojected sprocket




‘ 4.8.1 Critical Response Times
There are no critical response times with respect to components

selected for application of the RDSR system in this vehicle. The

slowest component in this system is the main pump which goes from zero
. to full stroke in less than 250 milliseconds. Motor response time to

go from zero to full stroke is less than 150 milliseconds. On a 14

ton vehicle, these resbonse times are more than adequate to provide a

stable system.

4.8.1 Filtration {See attached sheet)

13




{1.8.1.1 Filtration
Fluid filtration is a major design consideration in this vehicle. 1t
must achieve and maintain proper fluid particle counts while also
providing for easy serviceability, minimum system function
- interference, adequate warning modes and a "Fail to Safe” operation!

Fach of these design criteria are rationalized and discussed below.
Please keep in mind the fact that this vehicle has (4) hydraulic
syvstems utilizing two different fluids and tiwo reservoirs.
Filtration Requirements:
The fluid should be filtered prior to system start-up, and
continuously during operation, to achieve and maintain a cleanliness
level of ISO 18/15. (This corresponds approximately to NAS 1638 Class

’\'\‘ 9, or.SAE {1963) Class 6.) This recommendation is considered a
minimum, as better cleanliness levels will significantly increase
component life.
Serviceability:
All filter cannisters will be located in the vehicle passensger
compartment near the bulkhead of the engine compartment. Here they
may be directly accessed and serviced with standard commercial hand
tools. 1If desireable they could be set up to allow "in-transit”
servicing., Only two different design elements are required.
Circuit Placement:
Circuit placement addresses two design criteria; first to minimize the
power required to push fluid across a filter element and secondly to

reduce the components size and weight by avoiding high pressure and

‘ high flow requirements. The solution is to only filter the hot
reservoir-return cils and the charge/control oil circuits. This
13 a




’ method is only adaptable to closed-loop tvpe circuits and is
reflected in our hydraulic circuit schematics.

Component Selection:

See Attachment 13.

. The intended filters as specified in each svstem’s Bill of Materials
are manifold mounting types. They afford a no-fitting, no-hose svstem
connection and thus protect against leakage, require less mounting
hardware, are easier to service, and offer a cleaner installation.
Each filter has built into it a bypass circuit to allow continued
operation should a filter cartridge fail. This is the "Fail to
Safe" mode.

Each filter possesses two early clogging/failure warning signals. The
operator is warned via a red warning light at his station while a

(‘ mechanical "pop-~up” indicator is located at the filter.

13 b




‘ o 4.8:2 Regeneration of Powered Turns
There will be speed and turning radius ranges where the inside track
mechanism generates and inputs power to the HDSR system. This power
transfer is estimated here.
~ Power regeneration (or transfer) is a function of:
- Vehicle speed
—'Vehicle trun radius
- Vehicle rolling resistance which is considered to be constant at
125 1lb/vehicle T (62.5 1lb/ton/track) in this estimate.
We are told that the M113 track mechanisms are configured such that
the vehicle assumes a 200 ft. turning radius with one track in neutral
__on level ground. At a turning radius of 200 ft. it is regsonable to
assume that the inside track will not require power and that all
. available power may be directed to‘the outseide track. Some benefits
from powér regeneration should then accrue from the inside track for °
some turn radii which are less than 200 ft.
Dr. M.K. Kar (John Deere) projects the relationship between inside and
outside track forces in his paper on "Prediction of Track Forces in

Skid-Steering of Military Tracked Vehicles"”, March 1984.

14




The following conclusions are drawn from these graphs:

- Forces on the inside track are opposite of forces on the outside

track and are regenerative. ,,@a»f% N£< R
: — g X R .

- Force relationships become unstable at a turn radius of less than
15 m (49.2 ft) at speeds greater than 6.25 m/s (14 mph). At lower
speeds systems are stable to turn radii of approximately 15 ft.

- Forces on the inner track are approximately 50% of the absolute
force values on the outside track.

For the purpose of this estimate, it is assumed that these conclusions

are valid.

In this estimate, "Track Force" is evaluated in terms of sprocket

torque and assumes that all available engine power is transmitted in

the form of torque to the outside track. |

Relationships between applied power (torque), regenerative power

{torque) and turn radii are considered to be linear.

Graphic representation of relationships:

E. +3000¢ EESEN'ENRABED TORQUE ~
' M INSIDE SPROCKET
3y 2z
X < f
w | +2000¢
-
E uQJ +1000¢
v °
E g OUTSIDE SPROCKET TORQUE
5 | ‘ . ) ‘ ) ) WIO_' REGENERATION
8 « ) L 80 100 - - - 200
& Q — TURN RADIUS FT
) -1000t -
-
W
[=]
W <
£ p
15




Regenerative torgue increases from zero at a turn radius of 200 ft to
a maximum of 520 lb-ft at a turn radius of 15 ft which is minimum for
this estimate.

Regenerative torques were calculated as being 50% of torques'applied
to the outer track less rolling resistance for one track.

Regenerative torque as a function of turn radius is expressed as

follows:

Te 562 - 2.81 R
Where:

T

Torque (1lb-ft)
R = Turn radius (ft)
Applying regenerative torques to vehicle speeds gives regenerative hp
at various vehicle speeds.
In consfructing the following graph it was assumed that turn radius

vs. speed should never exceed a condition where lateral forces on the

vehicle exceed 0.8g.

OUESTIONABLE STABILITY RANGE

REGENERATIVE — HP
2

100
TURN RADIUS FT

e =




At vehicle speeds above 30 mph, limitations of turn radius decreases
regeneration rapidly. For the purpose of this estimate, speed.above
30 mph will be neglected.

From the efficiency analysis, it is estimated that average hp
available for tractive effort is approximately 175. Regenerative
power varies between 17.3 hp at 10 mph to 35 hp at 30 mph. This
relates to power improvements of between 10 and 20% in the\\\ I8

regenerative range.

*

Operating conditions will likely have an effect on regeneration.
Displacement setting of the hydraulic motor on the inside track can
further effect regeneration. T

The purpose of this estimate is to establish the concept of positive
regeneration of power in the execution of powered turns on military
Fracked vehicles. To quantify the level of regeneration conclusively
will require vehicle testing.

Positive benefits do accrue from regeneration. Other HDSR systems

have proven this concept.

The only question on this program is the actual level of regeneration.

16 a




1.9 Fluid Selection Rationale

Silogram M.P. grade 207 premium anti-wear hydraulic o0il is selected

for use in the HDSR main hydraulic system. This fluid is produced by

A. Margolis and Sons.

The fluid is recommended on the basis that its flash point is higher

than Mil-H-46170A which is classified as a "Fire Resistant” gluid.

Silogram M.P. grade 207 is recommended in preference to Mil-H-46170A ;
on the basis of higher viscosities at equal temperatures.

The attached viscosity chart an& specification sheet further detail

these points.

Flash point for Mil-H-46170A is 424 degrees F.

17
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4.10 Accessibility and Serviceability

Rationale for component placements in the vehicle followed the
logical sequence of working from the sprockets and hull mounting
faces back into available space in the vehicle.

Initially the final drive gear units were designed to locate motors
as conveniently as possible. Attachment 10 drawings show this
installation. Motors are located directly in the front vehicle
opening and are easily accessed for adjustment or service.

With this motor arrangement, it is not possible to locate the main
system pump on a conventional flywheel mounted pump drive. Rather
than move the engine to a new location in the vehicle, a simple gear
drive was developed which permits locating the main pump beside the
engine in space previously occupied by the speed change transmission.
This location for the main pump is convenient as it is accessible
through a removable panel in the operator's compartment and is
located near the motors in a location between the hydraulic reservoir
and the motors. Attachment 10 drawings show this pump placement in
the vehicle.

With drive motors and main pump placed as described above, the vehicle
front compartment is uncluttered and provides ample space for auxiliary
hydrau}ic pumps which are also shown on Attachment 11 drawings. The
hydrostatic fan pump is located directly under the fan motor. The

auxiliary pump is located central to the vehicle as it services both
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final drive gear units as well as other functions. Both pumps are
readily accessible for service or adjustment.

The main system reservoir will be located in the crew compartment as
it was in previous pfograms.

Manifold blocks will be deck mounted as near the units they service as
is practical. With main components located in this manner, ample

space is provided for plumbing and control lines.

—

4.11 Corrosion -

coa

~
~

The vehicle was delivered in\very po&r condition.l The undercarriage
mechanisms were covered wi@h ﬁ&d éﬁa\hebrfé‘gﬁa‘tge vehicle interior
was filthy. The entire vehicle has since been steam cleaned and is
ready for systems installation. It is stored in a heated building
and it is felt that this will adequately protect it until it leaves
the building for field trials.

Hydraulic components are protected through the use of plastic port
plugs and commercial packaging. There is no requirement for any
special considerations to prevent corrosion, prior to vehicle
installation.

Exposed housings of the final drive units are specified as aluminum
which will be zinc chromate pfimer painted prior to installation in
the vehicle.

After all systems are installed in the vehicle, exposed portions of

the final drive units will be painted to match the vehicle.
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‘There was no evidence of corrosion on any.of the hydrostatic
components or gear drives in the system delivered with the vehicle.
It is therefore assume that our components will fare equally well.
Electronic components will be embedded in a silicone or foam type
compound to protect them from shock and vibration. This encapsu-

lation will also protect them from a salt air environment.

-

Rheostats, switches etc. will be treated with a commercial spray \\>
- o2l \ o/
which is used to clean and protect such devices. Q\ﬁ“} WA é%f\a

All ferrous material levers, linkages, controls, etc. will be

primer and finish coat painted prior to installation in the vehicle.

5.0 Mllé HDSR System (Vehicle) Control
5.1 General

Vehicle control is to be automotive in nature with accelerator,
steering, speed changé and braking functions. The block diagram on
the following page shows this concept.

The control system is analogue electronic which is input with
potentiometer and switch.control signals. Outputs to the motors and
main system pump are hydraulic displacement controls through
eiectronic proportional control valves.

At engine start-up, the speed-selector is in the park .or neutral
position_?nd pumps and motors are off-stroke. There is no flow or

pressure in the main system.
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When the speed/direction” selector is placed in 1, 2, or R, the pump
DA control initiates system flow which establishes system pressure
and the vehicle is ready for operation.

Vehicle acceleration and speed is controlled by the accelerator pedal.
As the accelerator pedal is depressed, motors go on-stroke in
proportion with the position of the accelerator pedal. The main pump
also goes on-stroke to providé necessary flow to meet motor
speed/displacement demandsl)/The system is flow controlled in this

mode. P AN R t

R
When motors andopump reach maximum displacement and the signal input
is for increased speed, motors will begin to destroke to provide addecd
speed. In this mode, the system is H.P. limited with maximum vehicle
speed being limited by the maximum allowable motor speed or by H.P.

in the case of climbing a grade. Braking is accomplished through

hydrostatic and mechanical means.

5.2 Braking Functions

Operational braking is hydrostatic with emergency and parking

brake action being provided by a multiple disc, spring applied,
hydraulically released brake.

When the operator removes his foot from the accelerator, motors and
main system pump go off-stroke. As the brake pedal is depressed,

the motors go on-stroke aeting as pumps. In order to maintain
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constant syvstem pressure, the pump is stroked in the over-center
mode and braking energies are directed back into the engine.
Braking action is proportional to force on the brake pedal as in
an automobile. When the vehicle slows to a stop the mechanical
brakes are engaged to hold the vehicle. Releasing the brake pedal

restores all systems to neutral.

5.3 Vehicle Steering

Vehicle steering is accomplished by electronically biasing speed
signals to the motors. 1Input signals are from the steering (wheel)
control. There are two electronic loops for steering control.

A closed loop with speed feedback for high speed fine control and
powereé turns. -
An open with loop direct signal control of motors for sharp turns
and counter rotation.

The transition between the two ‘loops is automatic. The mode of
operation is determined by the position of the steering (wheel)
control.

A vehicle speed related steering control logic is being considered.

The curve on the following page shows vehicle speed vs. turn radius to

keep vehicle side forces under 0.8g.
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5.4 Gear Changing N
Direction control (Forward-Reverse) and speed changes (Hi-Lo) are 3:ré
controlled manually with a speed change lever. When a speed chan

\
-~

from Lo to Hi gear is signafed, low gear clutches are released i7 the
The ‘\

final drive units main and system pressure reduced to zero psi.
Hi gear clutches are then engaged and the pressure restored. It }s %f¥
estimated that a speed change will require no more than 1/2 second.

It is felt that speed changes will be smooth as the clutches are
required to adjust the speed (inertia) of the motor rotating g oups

plus fluid mass and not the mass of the vehicle. The vehlcle IL
transmission is in neutral during the speed change. / \£§$?

Much of this system is made up of standard Rexroth c;ntrols./ khereas
the circuit is especially designed for this application, no special
components are required.

A detailed control system description is given in Attachment 13.

This system is made up of standard Rexroth controls. The circuit is
especially designed for this application, no special components are

required.

6.0 M113 Final Drive Gearing
6.1 Genéral
Operating requirements of the M113 specify that it must be

capable of negotiating a 60% grade, accelerate from 0-20 mph in
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—
6 seconds and must travel 40 mph. Speed and torque limits of the
hydraulic motors dictate that two different final drive ratios be

used to meet these requirements. Optimum final drive gear ratios to -
meet these requirements with Rexroth model AA4V125 motors are 8.0:1
reduction in low gear and 4.28:1 reduction in high gear. These ratios
not only guarantee specified torques and speeds but provide a broad
range of speed over which géa}s may be shifted. Attachment 5
performance curve graphically shows this capability. Attachment 6
shows the final drive gearing concept. Two hydraulic motors are
mounted to the input housing and are spline coupled to gears which

are in mesh with a common clutch shaft gear.

6.2 Clutch Pack Description

when a clutch pack is engaged, rotary power is then transmitted
through a clutch output gear to the intermediate shaft gear. The
intermediate shaft drives the sun gear of the final reduction gear set
which turns the output shaft.

The clutch is a standard Rockford 7.75 - 5X5 double pack clutch.

The overall gear reduction (Hi or Lo ratio) depends upon which

clutch pack is engaged. When neither clutch pack.is éngaged, the
final drive is in neutral. Clutches are engaged hydraulically and
require a pressure of 200 psig to develop design torque. .

Attachment 6 also shows clutch data.
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6.3 Bearing Description
All rotary bearings in the final drive gear reducers are low friction
ball or tapered roller bearings. Minimum B-10 life is 9,000 hours at

maximum torque and speed.

6.4 Gear Design Criteria

All gears in the final drives are spur gears. Spur gearing is
selecte& to provide higher efficiency within standard gear
manufacturing tolerances. All gears are to be carburized or induction
hardened. Attachment 6 stress calculations show gear designs to be

conservative and a long service life is expected.

6.5 Seal Considerations

Output shaft seals will be metal-to-metal face seals. This type
of seal was developed by the Caterpillar Tractor Company in the 1960's
tc provide a highly reliable rotary seal in less than ideal operating
conditions such as in water, mud, etc. These seals are the best
stgte-of-the-art seals available for this type of service in that they
keep lubricant in and contamination out. All other seals are static.
RTV (Room Temperature Vulcanizing Silicone) has proven to be more
reliable than gaskets and O-rings for this type of seal joint and is
proposed for use here.

Although final drive.gearing efficiency is expected to be high (95%),
the physical location of the units in the vehicle dictate that they be

cooled.
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6.6 Cooling Considerations

When a clutch is engaged it is standard practice to provide a flow of
cooling fluid ‘through the clutch pack. This flow will be drained fror
the final drive housing and circulated through a heat exchanger and

then returned through the clutch and final drive to cool the unit.

6.7 Emergency Braking

In addition to providing the means for transmission of power from

the hydrostatic motors to the vehicle spfockets, an emergency stopping
and parking brake is mounted to the final drive unit.

This brake is a multiple disc, o0il cooled unit which is spring appliec
and released with hydraulic pressure. The AUSCO failsafe brakes which
were supplied with veh;cle will be used.

6.8 Speed Feedback

Another auxiliary function of the final drive unit is to provide a
gear drive for a tach-generator which will be used as a speed
measuring and monitoring device for control of the HDSR system.

A cross-section drawing of the final drive gear reducer unit is also

shown in attachment 6.

6.9 Corrosion Considerations
Corrosion protection of exposed (external to the hull) portions of the
final drive gear reducers will be ensured by using aluminum castings

for all exposed housings. Final drive units will be solvent cleaned -
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and zinc chromate primer coated. After installation, the final drive
units (external to the hull) will be painted to match the vehicle.

In light of the fact that this vehicle and is a test bed for HDSR,

it is felt that these protective measures will see us safely through

a "brakish stream"” enroute to the test site.

6.10 Structural Considerations

It has been requested that stress calculations be provided to verify
the integrity of mountings and final drive systems under a 30,000 1b
load applied radially at the sprocket. Calculations to verify unit

integrity are also included in Attachment 6.

6.11 Final Drive Efficiencies

Efficiencies of the final drive are projected to range from 97% to 89%

depending on speed. \\ ,f’/
L
A
6.12 Final Drive Ratings : Q\f =
Output speed: 700 rpm continuous, 1000 rpm (max.).

Output torque: 10,000 1b-ft, intermittent.
Side load capacity: 60,000 lb @ sprocket center line.
Rotation: Omnidirectional.

Maximum continuous input power: 150 hg¥with cooling flow.




Efficiencies: Low Gear: 9].5%% minimum @ 3000 rpm input.
High Gear: 89.0%% minimum @ 3000 rpm input.
Braking: 1Integral (bolt-on) to the final drive unit; capable of
étopping a 14 ton vehicle from 5 mph on a 60% grade
and hold the vehicle.

tProjected - may vary +2% except high gear @ + 2% - 0%

6.13 Final Drive Test Procedure

Final drive units will be mounted on a frame structure designed to
.carry full operating torque with output shafts coupled directly to
each other. Inputs of one unit will be driven by specified motors and
"inputs" of the other unit will be loaded by specified motors acting
as pumps which are loaded over relief valves. For test purposes,
units will be loaded to rated capacity of 10,000 lb-ft output torque.
Efficiencies will be calculated and compared with projected valves.
The test duration will be sufficient to establish efficiency valves
and structural integrity of the final drive units. In no case will
this test time exceed 2 hours. No endurance testing is planned.
Operating speed during testing is limited to 200 hp maximum

hydraulic hp.

7.0 M113 Pump Drive
7.1 Generél

Thé.prime mover in the M113 is a DDA 6V-53 diesel engine. In normal
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hydrostatic drive systems, pumps are connected to the prime mover
{engine) through a commercially available gear drive.

In the M113, space limitations do not permit the use of commercially
available gear drives unless the engine is ﬁoved to a different
location in the vehicle. Therefore, it is proposed to design and
build a special gear drive unit which will be used to drive both

main and auxiliary pumps. This unit is shown in Attachment 7.

7.2 Main and Auxiliary Pump Drives

The main system pump will be driven through a 1.2:1 gear reduction
which keeps our pump speed below 2500 rpm which is the maximum
allowed.

All auxiliary pumps will operate at up to 3000 rpm (engine speed).

Three auxiliary pumps are required. They are:

- REXROTH
FUNCTION MODEL TYPE
Hydrostatic Fan Drive AA4V40 Axial Piston Pump
Main System Control Flow 1PF2G2 Gear Pump
Secondary Hydraulics 1PF2G2 Gear Pump

Attachment 10 also shows the physical arrangement for locating
pumps in the vehicle. It should be noted that the main system pump
will occupy space beside the engine which facilitates plumbing,

adjusting and serviceability.
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7.3 Operating Ratings

Input/output speed: 3000 rpm

Input power: 300 hp continuous

Output power: SAE E pad: 300-hp continuous
SAE C pad: 50 hp continuous
SAE B pad: 10 hp continuous

Efficiency: 95% @ rated speed and hp (projected)

8.0 Auxiliary Hydraulics

8.1 General

Auxiliary hydraulic requirements are:
Fan drive for engine radiator cooling
Final drive
Gear shifting
Brake release

Ramp actuation

8.2 Fan Drive System

The Hydrostatic Fan Drive is a closed loop high pressure hydraulic
system. The pump is a Rexroth model AA4V40 variable volume axial
piston design and includes its own internal make-up/charge system.

This pump is‘directly coupled to the vehicles power plant via a gear

pump drive.
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Directly coupled to the vehicle cooling fan is a Rexroth AA2FM16 high
pressure fixed displacement bent axis piston motor.

The fluid used in this system is the same type the vehicle HDSR

system uses and consequently these two systems utilize the same return
fluid treatment and storage facility, thus reducing weight and space
requirements. (See Attachment 8)

The Hydrostatic Fan Drive is designed with efficiency, and an
operational failsafe mode in mind.

Sensing the vehicles coolant via two thermal switches, the fan will
operate at one of 3 different adjustable speeds depending on the
coolant temperature. - ~\¢1
At low temperature (below 180 degrees F) the fan will operate at a

o,
minimum speed and draws minimum H.P. As the engine temperature "

r
-

increases to 215 degrees F the fan will assume an intermediate speed
sufficient to maintain this temperature under normal vehicle
operation. At a higher than normal coolant temperature (225.F) the
fan will be driven at a higher speed to provide required cooling. The
fan is capable of operating at speeds up to 5000 rpm. This |
hydrostatic drive will enable this to be achieved if required. The

hydraulic circuit for this system is shown on Attachment 8.

8.2.1 Fail Safe Features
Any. loss of temperature signal will cause the fan drive system to go

to full speed, thus constantly providing maximum cooling.

31




The HPNSR hydraulic system fluid is also ccoled by this fan and will
provide a signal to the fan d;ive overriding cther temperature signals
so that in the event the hydraulic fluid temperature becomes
excessive, the fan drive goes to maximum speed and lowers HDSR fluid
temperature to its correct operating temperature of 150 degrees F.

To avoid fan overspeeding, should the diesel overspeed, a pressure
override valve will sense this and destroke the pump slowing the fan
as required.

The hidrostatic system is protected from over pressure with a high
pressure relief valve internal to the pump.

Fan run-on after diesel shutdown is handled by cross port reliefs
internal to the pump.

Ean interruptions caused by foreign matter entering the fan are
absorbed by either the pump’s high pressure relief or its cross port
reliefs.

This Hydrostatic Fan Drive System is ideally suited for this
application in that it truly reacts to the vehicle cooling
requirements and is not dependent on enginé speed.

This system has recently been subjected to military testing aboard an
M110 as part of _.hat vehicle's improvement program. The test results
support all system design intents in that it pérformed all tests
satisfactorily without any failures. System efficiency surpassed

expectations.
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‘ The Hydrostatic Fan Drive System is completely adjustable and mav be
fine tuned after installation. These settings are then fixed and are

repeatable on a production basis.

8.3 Transmission Cooling .
Hydrostatic transmission cooling fluid flow is provided for in the
- main system circuit (Ref. Attachment 1). .We plan to use the fluid-

to-air heat exchanger furnished with the vehicle for hydrostatic

transmission cooling.

8.3 Gear Changing Ramp Operation and Braking

All other auxiliary system requirements will be accomplished with the

Jow pressure, open loop hydraulic circuit shown on Attachment 8.

The main pump for these services will be a Rexroth model 1PF2G2 tandex
‘ gear pump which will operate at two pressure settings; For normal
vehicle operation system pressure will be 250 psig which will shift
clutch packs (gears), release the parking brake and provide cooling
flow for the final ‘drive gear units. The second presssure setting is
1500 psig and is used to raise the vehicle ramp. In this operating
mode, low pressure circuits are blocked and the parking brake set.
Cooling flow will be passed through a shell and tube heat exchanger
with heat being transferred to engine coolant.

For hydraulic circuit details see Attachment 9.
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‘ 8.5 Hydraulic Lines and Fittings
8.5.1 General

A. All flexible lines will have permanent crimp type fittings at each
end.

B. All flexible hose fittings subjected to less than 3000 psi will be
- SAE 37 degrees (J.1.C.) swivel type.

. C. All line fittings subjected to between 3000 and 6000 psi working
- : pressure will be SAE flange type.

D. Flexible lines subject to 6000 psi working pressure will be
Stratoflex No. 5240,

E. All flexible lines are "Hi-Impulse” rated.

F. All threaded ports are SAE J514j unless otherwise noted.

8.5.2 Central Hydraulic System

T 6000 psi and drawing number

2.1 Item 1.0, Main Pump

oo
o
w

A. Suction Port S 1 5/8 - 12 UNF-2B (MWP, ATM)

-Connection to reservoir is 1 1/2" flexible hose SAE 100 R4
(reservoir connection will "T" off to feed fan drive pump)

B. Work Port A, 1", 6000 psi, 4 bolt flange (MWP-6000 psi)

-Flexible connection to 2" SCH XXS motor supply header will
be 1 1/2" Stratoflex 5240 hose.

C. Case Drain Ports T, 1 5/8 - 12 UNF-2B (MWP, 50 psi) -

-Connection to return header via 1 1/4" flexible hose SAE 100 42A
Hi-Impulse. : . )
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.. Control Port X2 7/16 - 20 UNF-2B (MWPF 400 psi)

-Flexible connection to hard line 3/8 x 0.035 steel tube is hose
SAE 100 RZ2A Hi-Impulse,

E. Work Return Port B 1" 4 bolt flange, 6000 psi (MWP 500 psi)

-Flexible connection to return header will be SAE 100 R2A hose.

8.5.2.2 Item 2.0, Drive Motors
A. Work Ports A, 1" 6000 psi 4 bolt flange (MWP 6000 psi)

-Flexible connection to 2" supply header will be 1" Stratoflex
5240 hose.

B. Case Ports, T 1 5/16 - 12 UNF-2B (MWP 50 psi)
-See Main Pump (C)
C. Work Return Port B

-See Main Pump (E)

8.5.2.3 Item 5.0, High Pressure Accumulator (MwP 6000 psi)

1 1/4" hard connection

8.5.2.4 Item 6.0 Low Pressure Accumulator (MWP 500 psi)

1 1/4" hard connection
8.5.2.5 Items 3.0, 4.0 and The Pressure Reducing Valve (MWP 6000 psi)

-Connection to central system hi-pressure via line 20.7 is
1/4" tube w/Ferlock type fittings.
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8.5,

3 Jtem 1.0 Hydrostatic Pump
Suction Port S 7/8-14 UNF-28 (MWP, ATM)

-Flexible conrection to main hydraulics circuit pump inlet line,
SAE 100R4 .

Work Port A 3/4" 6000 psi 4 bolt flange (MUP 5000 psi)

~Flexible connection to hard line supplying motor Port A is 3/4"
6 spiral wire hose, Aeroquip No. FC273

~Hard Line is ASTM A53 Grade B seamless pipe 3/4" SCH 160
Work Return Port B 3/4" 6000 psi SAE 4 bolt flange (MWP 500 psi)

~Flexible connection to hard line supplying motor port B is 3/4"
SAE 100 R2A

-Hard Line is ASTM A53 Grade B seamless pipe 3/4" SCH 40
Case Drain, Port T 7/16-20 UNF-2B (MWP 50 psi)

-Flexible connection to return collector 1/2" SAE 100
R2A hose.

Control port CP 3/8-18 J.1.C. 37 degree male flare (MWP 400 psi)

-Flexible connection to locally located control valve assembly
Port P is 3/8 SAE 100 R2A hose,

3.1 Item 2.0 Hydrostatic Motor

Work Ports A + B 1 1/16-12 UNF-2B (MWP 5000 psi)
-Hard Plumb, see Hydrostatic Pump notes B & C
Case Drain T 9/16-18 UNF-2B (MWP 50 psi)

-Hard Plumb, 1/2" tube

.3.2 Item 3.0 Control Valve Manifold

Control Port P, See Hydrostatic Motor Note E
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B. Tank Port 9/16-18 UNF-2B (MWP 50 psi)

-Hard Line connection to Reservoir Return Collector 3/8" tube
8.5.3.3 Item 4.0 Filter Assembly (MWP 400 psi)
A. Supply and Return Ports, 3/4-16 UNF-2B

-Flexible connections to Hydrostatic Pump via SAE 100 R2A hose.

9.0 M113 VEHICLE TEST PLAN

9.1 General

Vehicle testing by Rexroth will be done in two steps. Step 1
will Be static and will ensure system conformance to plan.

Step 11 will evaluate the installed systems under normal vehicle
operating conditions.

These tests are to ensure that vehicle systems are operating as
designed to operate, the vehicle is safe and meets specified
performance parameters. Testing will be conducted in two phases;
static testing and dynamic testing.

9.2 Static Testing

Static testing will be conducted with the M113 vehicle blocked up
and track mechanisms removed.

Static testing will follow these steps for hydraulic systems ;tart up.
9.2.1 Check plumbing for correct hook-up and joint tightness.

9.2.2 Check fluid levels.

9.2.3 Bleed air from hydraulic systems.
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9.2.4 Check engine systems per technical manual.

9.2.5 _Check to ensure that all hydraulic controls are in
start-up position.

9.2.6 Start engine.

9.2.7 Check for leaks.

9.2.8 Adjust fan drive system.

9.2.9 Check throttle control for proper operation.
9.2.10 Operate ramp circuit.

9.2.11 Release parking brakes.

9.2.12 Ensure neutral position of final drives. .

9.2.13 Check foot brake for proper operation.

9.2.14 Check clutch pack engagement using manual shift.
9.2.15 Return final drives to neutral.

9.2.16 Start main hydrostatic drive system.

9.2.17 Check right sprocket low gear forward & reverse operation.
9.2.18 Check right sprocket high gear forward operation.
9.2.19 Check left sprocket operation.

9.2.20 Check simultaneous sprocket operation.

9.2.21 1Install track mechanisms and complete all drive system
adjustments.

Throughout all static testing, system pressures and temperatures
will be monitored and recorded. ' During sprocket rotation checks,
sprocket rpm vs engine rpm will be monitored and recorded in

order to ensure that projected vehicle speeds are being achieved.
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Vehicle projected turning characteristics will be checked by
measuring differential sprocket rpm's at various steering control
positions and comparing these to the algorithms of the steering
control system.

Static testihg will end when all systems have been checked and
are known to be operating as designed and it is felt that the

vehicle is safe to drive.

9.3 Dynamic Testing
9.3.1 General
Dynamic testing will begin at Rexroth Bethlehem to the extent
that the basic vehicle on-board and mobile functions will be road
tested and confirmed.
After adjusting the systems, dynamic testing will continue at a
location suitable to perform field trials for this type vehicle.
Dynamic testing will measure the following parameters:

Vehicle speed (low and high gears)

Vehicle acceleration from 0-20 mph, 6 seconds

Gradeability @ 60% slope

Steering evaluations

- Road test to ensure that cooling systems are working

adequatly and that there are no hydraulic leaks
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9.4 Data Acquisition Plan

9.4.1 General

There will be installed on the vehicle at this time an "on-board"”
data acquisition and storage system. This system will undergo static
tests paralleiing the vehicle static testing and the two sets of
results compared to confirm proper operation of the on-board data
acquisition system.

This data acquisition system will measure pump and mofor
displacements, pump and motor speeds, pump and motor pressures,
‘and system temperatures.

9.4.2 Data Reading Equipment

The data acquisition system that is planned to be used is
manufactured by the "Optim Electronics Corp.", of Gainsville, MD.
Their modél "Megadac 2000f is intended. This is 8 128 channel
recorder capable of 20,000 samplings per second. It operates on
a 12 or 24 volt DC supply voltage, is mobile, terrain tested, and
has single magnetic tape sample character storage to 6 megabytes.
This syvstem is versatile and will accept a broad range of inputs.
The 1input signal devices are not provided by "Optim". The

following list identifies the types of sensors to be used and
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their manufacturers:

Measurement Type MEG

Pressures Strain gage Omega Inc.

Speeds Pulse train Redlion Inc.

Temperatures RTD Omega Inc.

Pump/motor Inductive position Rexroth
displacements indicator

The attached "Channel ldentification List” identifies each recorder
channel by number, calls out the component it is assigned to, the
type of measurement being monitored and the units of measure. These
exact channel descriptions will head the colqmns of data which also,
upon command, may be printed. (See data record example)

During dynamic tests the vehicle operator will verbally describe the
maneuvers of the vehicle. His descriptions will be recorded. This
~recording, the data stored by the data acquisition system, and known
or pre-measured component performance data will be combined to
provide an accurate vehicle HDSR system evaluation. Rexroth'’s final
test report will directly address this evaluation and provide
confirmation profiles of HDSR system speeds, torques, temperatures,

and overall efficiencies.
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9.

Automatic Calculation

At Rexroth's discretion a software package may be added to the

data acquisition system to aid in data evaluation. An example

of this follows:

Example 1.0 (Bracket of Time; Overall Power and Efficiency)

Vehicle Operation: (measured and operator described)

Speed - 20 mph (high gear)
Soil - Hard clay
Grade - Flat

Direction - Straight

Measured:

Channels (See Channel Identification Sheet)

Evaluation:

Ao,

B.

C.

Inpdt H.P.
{B.H.P.)

[{[CH.12 x [CH.10 x {charge pump
disp./231)]1)/1714]1 x Eff.]
+ [JCH. 13 x [CH. 10 x (CH. 16 «x

15.25)/231)1/1714)} x Eff.]

Tractive H.P.

[[CH.29 x [(CH. 17 - CH. 18) x[CH. 22 + CH.

23

+ CH. 24 + CH. 25)/4)) x 2 x (Eff.) x 4.286

x (Eff) x 12)/63025

Input H.P./Tractive H.P. = Overall Efficiency

Example Notes:

- Eff. = Efficiencies as premeasured.
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- Intended software package would be expanded on efficiencies
to calculate effects of fluid conditions.

- Intended software will also provide data from its
evaluation of performance during power turns by summating
each f.nal drive independently-and comparing these to
input power levels.

Acquired data will permit us to determine the following:
- Main pump spped, flow, pressure temperature and efficiency.
- Port motors speed, flow pressure temperature, and efficiency.

- Starboard motors speed, flow, pressure temperature, and efficiency.

With this acquired data we can plot the following:

Sprocket torque as a function of vehicle speed for various operating
(soil and grade) conditions.

- Sprocket torque requirements in powered turns.

- Regeneration capabilities in powered turns.

- Sprocket torque iequirements in counter rotation for various
operating (soil) conditions.

- HDSR component and system overall efficiencies.




1l
Accelerator
Position
Z A Norm.

6
Brake (Foot)
Signal
MA

- 11
Engine Fuel
Consumption
GPM

16
Main Pump
Stroke

21

" Motors 3-4
Speed

RPM

26
Final Drive
Clutch 1
PSI1

31
Vehicle
Acce1e§ation
Ft/Sec

36
Fan Drive
Press. (Lo)
PS1

41

Main System
Res. Temp.

Fo

CHANNEL IDENTIFICATION LIST

-

M113
HDSR

DATA ACQUISITION

2
Accelerator
Signal
MA.

7
Brake (Hand)
Position
On/Off

12
Main Pump
Inlet
PSI

P —

17
Motors 1-4
Inlet Pr.
PSI

22
Motor 1
Stroke
Y4

7
Final Drive
Clutch 2
PSI

32
Vehicle
Velocity
Ft/Sec

37
Fan Drive
Fan Speed
RPM

42
Main System
Leakage Temp.
Fo .

. , ’ ' .

3

Steering (WHP)

Position

_North - 0O°

8
Brake (Hand)
Signal
vbC

13
Main Pump
Outlet
PSI

18
Motors 1-4
Outlet Pr.
PSI

23
Motor 2
Stroke

4

28
Final Drive
Brake
PSI

33
Vehicle
Deceleration
Ft/Sec?

38
Ramp
Circuit Pr.
PSI

4
Steering
Signal
+MA/-MA

9
Trans. Select
Position
D-D1-N-R

14
Main Pump
Control Pr.
PSI

19
Motors 1-4
Case Pr.
PSI

24
Motor 3
Stroke

4

29 .
Port Sprocket
Speed
RPM

34
Vehicle
Coolant
Fo

39
Aux. Hyd.
Press.
PSI

5
Brake (Foot)
Position
2 A Norm.

10
Engine
Speed

15
Main Pump
Case Pr.
PSI

20
Motors 1-2
Speed
RPM

25
Motor &
Stroke

p 4

30
Starboard Sp.
Speed
RPM

35
Fan Drive
Press. (Hi)
PSI

40
Aux. Hyd.
Res. Temp.
FO

NOTE: Channels 12, 13, 14, 15, 17, 18, 19, 34,
35, 38 and 39 will be monitored by
pressure guages mounted in the passenger's

comparment.
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SPECIFICATIONS

MEGADAC 5000 Series

250,000 sampies-per-second

0 10 250,000 Hz
1:1 to0 500:1

Maximum
sampling
speed:
Sampling speed
System galnc
resclution: 12- or 14-bit
Limit functions: AND-1, AND-2, OR
Alsrme: 4 external
AlsrmiLimit .
Comparison: =, =, (, )
Chennel scan
rates: 1 primary, 3 sub-multiplexed
Channel sample

order: Any order
Channels per
scanm Any channel may occur any

number of times in one scan

. cycle
Clock source:  Intemal or external
Host interfaces: RS-232-C, IEEE 488
Microprocessor: 80186
Paraliel unit

operation: Units can be stacked to
muitiply throughput spesd

RAM: 4 megabytes expandable to
8 megabytes
Maximem input .
channels
§200C: 128
s210C: 80
§300C: 256
Maximum
analog output
channels
$§200C: 64 .
8210C: 40
$300C: 128
Mass storage: 60 Megabyte cartridge tape,
@-track magnetic tape
Display: 320 character LCD Co
Keyboerds: 16-key function selector,
12+4key numeric
Power: 110V ac, 60 Mz, 120w
Options: 220 V ac, 50/80 Hz
12 V dc battery @ 8A
24 V dc battery @ 4A
Skafxwxh)
§200C gnchesy 21X 19% 1225

contimetersy (53 x 48 x 32)
6210C Gnchesy: 15x 15x 145
(contimetersy (38 x38x37)
8300C @nchesk 21x19x 175

(oontimeters)y (53 x 48 x 44)

35 to 58 tbs (15 to 26 kg)
28 to 41 1bs (12 t0 18 ko)
42 to 65 Ibs (19 to 29 kg)
+4° 10 +45°C, 10to 80%
non-condensing humidity

it

Opus is an acronym for Optim User Software. MEGADAC and GDM are service marks for Optim Ejectronics Corporation. 1BM [s a registered trademark of intemational

MEGADAC 2000 Series
Maximum
sampling
speed:
Sampling speed
range:
System gain:
Alarm imit:
Channel
order:

Channels per
scan:

20,000 Hz

0 to 20,000 Hz
1:1 to 8000:1
High, low or none

Any order

Any channel may occur any
number of times in ono scan
cycle

Internal or extemnal
RS-232-C, IEEE 488

80186

Units can be stacked to
muitiply throughput speed

128 k bytes standard,
expandabie to 512 k bytes
Maximum input

channels

2200C/2210C: 128

2300C: 256

Maximum

anslog output

channels

2200CI12300C: 32
2210C: 20
Mass storage: 60 Megabyte cartridge tape,
S-track magnetic tape
Display: 80 character LCD
Keyboards: 16-key function selector,
12-key numeric
Power:.
Options:

Clock source:
Hoet Interface:
Microprocessor:
Parsllel unit
operation:

110Vac, 60 Hz, 120w

220 V ac, 50/60 Hz

12Vdcbattery @ 8 A

24Vdchbattery @ 4 A

Skre ¢ x wx h)

2200C (nchesy 21 x 1931225
(contimeters)y S3x48x32)

2210C (nchesy 15x 15x 125
(contimetersy (38 x38x32)

2300C (inchesk 21x19x 175

' contimetersk (53 x 48 X 44)
Weight

2200C: 35 to 58 Ibs (15 to 26 kg)

2210C: 28 to 41 1bs (12 to 18 ko)

2300C: 4210 85 ibs (19 to 20 kg)
Environment: +40° to +45°C, 10 to 80%

noncondensing humidity

MEGADAC 200 Series
Resolution

ADC: 18 bit

Voltage: 1 microvolt

Strain: 0.1 microstrain
Temperature

Thermocouple: 0.02¢ C

RTD: 0.001°C
ADC dynemic

range: = 32767 counts

Voltage: 010200 v in 0.1 voit steps
Current: 010 16.0 mA in 0.1 mA steps
fejection:
Y165 dB at line frequency
Norma! mode
rejection: )90 dB at line frequency
Accuracy: 20.02% =2 counts
Linesrity: 20.003% =2 counts
Toemperature
meoomduu: +0.002% per° C
impedance:  )100 megachms
isolation: ,000
910,000 megaotuns
Host interface: RS-232C
Baud rate: Auto-select at power up
(300-9.6k)
Input power: 110V ac, 80 Hz, 100 w
Option: 220 V ac, 5060 Hz
Sze i xwxh)
100 gnchesy 1820 x 14
fcontimetersy (46 x 51 x 36)
200 nches) 18x20x 22
{contimetersk (46 x 51 x 56)
Waight
100: S0to 72 tbs
) (22 to 32 kg)
200: 568 to 100 ibs
25to 45 kg)
Temperature
range
Operating: 0°to +45°C
Non-operating: —-25°to +75°C
Humidity: 0 to 50%, non-condensing

OPTIM

ELECTRONICS
CORPORATION

US Sales (except Maryiand) 1-800-345-5110

Middiebrook Technology Park
12401 Middiebrook Road
Germantown, MD 20874

Telephone (301) 428-7200
Telex 898138
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10.0 M113 HDSR Engine Speed Control

10.1 General

Engine speed level is controlled by the position of the accelerator
pedal. Engine speed is maintained at the selected level by the main

pump DA control.

10.2 Rexroth DA Control

As explained on page 8 of RA 06202 (Attachment 1) the DAlcontrol
responds to changes in engine speed. As engine speed increases, pump
displacement is increased in direct proportion with engine speed. 1In
the HDSR system we plan to begin stroking the pump at 1000 rpm and
reach maximum displacement gt 2200 rpm (max. torque). Above 2200 rpm,
the DA control cartridge range is adjusted upward to maintain speed
control should external engine loads begin to pull engine rpm down.
The accelerator pedal which was furnished with the M113 vehicle will
be used to control engine speed level. Connection between the
accelerator pedal, the DA cartridge range control, and the engine wili

be mechanical linkage as shown pictorially here.[\\

0

a - Accelerator

Cartridge
Adjustment
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If engine rpm begins to decrease below the level selected by the
accelerator pedal, the main pump is automatically destroked to a W
displacement which allows the engine to maintain selected speed.
The DA control is a widely used control and is proven to be $\
effective in automotive type control of hydrostatic drives.
Rexroth recommends the DA control with direct (hydro-mechanical)

engine speed control because of its proven reliability.

10.3 Electronic Control

In the event that it is deemed appropriate to use an electronic
speed control, Rexroth will use an electronic controller that
responds to signals from the HISR conirol circuits to manage
engine speed. Engine management systems are off the shelf
available from Dowty Electronics (Controls Division). However,
sufficient engine fuel consumption data is required that has not
been readily available to this point in order for an effective
application analysis to be carried out. The electronic system

concept is outlined in Attachment 12.

It is felt that an electronic approach to engine management may
overcomplicate a program to explore the benefits of a new concept
in hvdrostatic power transmission. The DA pump control
essentially takes engine management out of the development

equation and in Rexroth’s view it should be used.




11.0 Frojected Vehicle Ferformance
11.1 General
For very basic reasons, the HDSR system will out perform closed loop

hydrostatic drives previously tested..

11.2 Expected Improvements Over Conventional Drives
The reasons are as follows: ‘f
- Larger motor displacements of the HDSR system will develop more / é;
power to drive the vehicle. 1If more power is not available from/(v
the engine, increased motor displacement lowers pressure to } /
accomplish the same work and improves efficiencies. )

- HDSR control requirements will enhance vehicle control and power
management over dual path, closed loop systems. State-of-the-art
hydraulic plumbing will improve power transmission efficiency.

- The previously installed system incorporated line sizes which
were too small, used inefficient fittings (90 degree drilled
fittings), which created substantial parasitic losses.

- The fact that drive sprockets were 1/2 in. out of line with track .

rollers had to offer some friction losses in the previous system.

This will be corrected.
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‘ - Automatic and direct regeneration of power from the inside track

to the outside track in powered turns offers improvement in

vehicle energy management. This is the largest single drawback
in conventional hydrostatic power transmission to tracked
vehicles. The HDSR circuit overcomes this drawback in.a very
basic and simple manner.
Substantiation of basic operating requirements i§ shown in the HDSR
system description section of this report. This shows that the
proposed HDSR system will propel the vehicle at speeds up to 40 mph
and will develop sufficient drawbar pull to negotiate a 60% slope at

3 mph.

11.3 System Efficiencies
‘ Hvdrostatic drive efficiencies vary in relationship to the following
factors:
Pressure
Speed
Displacement
Line size, plumbing arrangement and fluid properties.
Further losses come from gear drives and auxiliary system losses. Fn
general terms, HDSR hydraulic system efficiencies follow these rules:
- As pressures increase,'vblumetric efficiencies increase and

mechanical efficiencies decrease.
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‘ - As rotating speeds increase, volumetric efficiencies increase:
Mechanical efficiencies increase from slow rotating speeds
through mid-range and decrease at higher speeds.

-~ As displacements are increased, volumetric efficiencies
improve. Mechanical efficiency variations as a function of
displacement are negligible.

- Line losses are a function of line sizes, fluid properties,
line lengths, fitting types, general arrangement, and flow.

~ Once established, syétem line losses are a function of flow and
temperature. In this analysis, fluid properties afe assumed

constant at 150 SUS and 1.0 specific gravity.

Projected HDSR system efficiencies are shown on the following graphs:

Final Drive Efficiency
(Projected)

Efficiency - %

90 ¢

Vehicle Speed-— MPH

L 9




Line Losses - H.P.

HDSR SYSTEM LINE LOSSES

[
LN Neglect

/—— Shift Speed

2 " A

20 30
Vehicle Speed - MPH
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The HDPSR system being constant pressure in nature sllows

prc;tjected overal) system e_fﬁ't.:ien_c'y' as a function of vehicle speed.
1n the proposed system, pressure is decressed linearly from 5800 psi
at 3.2 MPH to 2850 psi at 40 MPH to improve overall efficiency.

This is shown as the projectc:d efficiency on the graphs.

It is to be noted that individual component (Pump/Motor)
eﬁ.’.iciet;cies are based on average valﬁgs for new uﬁits. ¥e know
that efficiencies of these units improves after a run-in period
: aﬁd therefore consider the valves to be somewvhat conser\-atiw'é.

Efficiency Summary: (Worst Case):

Speed Other$ HDSR  HDSR Line Final Dr. Total  O/A Eff.

MPR Loss-HP Eff.. Loss-HP Loss-HP  Loss-HP Loss~HP %
3™ 63 .76 57 4 . 7T 127 58
5 63 .77 55 10 9 128 - 57

10 63 .80 47 22 12 124 59

15 63 .81 . 45 . -22 13 123 . 59

20 . 63 .83 40 22 16 - 122 60

0 63 .82 - 4z 22 19 .14 .89

40 63 - .81 45 22 .19 129 57

% 46 HP Fan, 10 HP Pump Drive, 2 HP Aux. Hyd., 5 HP Boost Pump.

In most operating modes the fan will not be operating at 5000 RPM. Under

norsal ambient conditions we estimate fan losses to be 23 HP which places
“other loss” at 40 HP Total. Also, 2% efficiency nprovenenta will accrue

after s 50~-70 hr. run-in of HDSR components.

Efficiency Summary (Projected):

Speed Other HDSR HDSR Line Final Dr. Total O/A Eff.
MPH ~ Loss-HP Eff. Loss-HP Loss-HP Loss-HP  Loss-HP =4
3 40 . .78 57 .4 7 104 65 )
] 40 «79 55 1.0 9 105 65

10 40 «82 47 2 12 101 66

15 40 .83 &4 2 13 99 67

20 40 -85 39 2 16 97 68

30 40 84 42 2 17 101 - 60

40 40 .83 &5 ‘2 17 103 66
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M113
HDSR HARDWARE INSTALLATION
WORK BREAKDOWN STRUCTURE (WBS)

WBS LEVEL DESCRIPTION WBS NUMBER
1 2 3
HDSR Transmission ' 1.0
HDSR System Hardware 1.1
Integration and Assembly 1.1.1
Main System Pump 1.1.2
Auxiliary System Pumps 1.1.3
Pump Drive 1.1.4
Main Drive Motors 1.1.5
Auxiliary System Motors 1.1.6
Final Drives 1.1.7
Control System | . 1.1.8
Instrumentation and On Board
Data Collection and Storage 1.1.9
Systems Test & Evaluation (T&E) 1.2
Static Systems Testing 1.2.1
Dynamic System Testing 1.2.2
Project Management 1.3
Engineering Managément 1.3.1
Administrative Management 1.3.2
Data ' _ 1.4
Static Test Data 1.4.1
Dynaqic Test Data 1.4.2
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1.0

1.1

WBS DEFINITIONS

. HDSR Transmission

This element refers to the complex of equipment, data
test and evaluation necessary to demonstrate HDSR in the
M113 vehicle test bed. This element includes all the

products and items associated with level 2 WBS elements.

HDSR System Hardware

This element refers to the entire hardware required to
insure the successful demonstration of HDSR technology in
the M113 vehicle test bed. This element also includes
all effort associated with the development of the HDSR

transmission system.-

1.1.1 Integration and Assembly

This element refers to the ef.fort of technical and
support activities gssociated with the preparation and
development of mating surfaces and interfaces, structures
equipment, barts and other materials required to
integrate and assemble the other functional level 3 com-
ponent/equipment elements into the HDSR transmission
gsystem. It does not include those hardware items defined

as being a part of other level -3 elements nor does it
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include the effort required to integrate and assemble an

individual level 3 component. This element also does not

include the system/project management and system test and
evaluation of the full up HDSR transmission system.

The following efforts are also associated with this

element:

{a) Component and subsystem receipt inspection.

{b) Set up, conduct and review of testing assembled
components and subsystems prior to installation.

(c) Preparation of components and subsystems for
installation in the M113. -

{(d) Instrumentation of components and subsystems.

(e) Interconnection of components and subsystems for
their integration into the M113. |

{f} Vehicle hull preparation prior to installation,
cleaning and preparation of surfaces for corrosion
and damage prevention.

(g) The joining,_matipg and final assembly of level 3
equipment/component elements to form a complete HDSR
transmission system when performed by Rexroth.

(h) The conduct of contractor testing both static and

dvnamic.
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1.1.2 Main RJystem Pump

This 2lement is associated with the primary source of
hydraulic power for the HDSR. It includes only the main
svstem pump and its associated electro hydraulic control

gear, its fittings and mounting bracketry.

1.1.3 Auxiliary System Pumps

The auxiliary system element refers to the group of
hydraulic pumps that provide hydraulic power for the
control circuité. fan drive, gear changing and braking
circuiés and ramp drive; their associated electro

hvdraulic control gear, fittings, and mounting bracketry.

1.1.4 Pump Drive
This element refers to the 3 pad pump drive unit that
provides for the mounting to the engine of the main
system and auxiliary systéﬁ“hydraulic pumps. It includes

its fittings; drain/fill/breatheré“%nd mounting

bracketry.

1.1.5 Main Drive Motors

This element refers to the four (4) main drive motors.
It includes the motors and the associated electro

hydraulic control gear, fittings and mounting bracketry.
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i.1.6 Auxiliary Syvstem Motors

This element refers to the three (3) auxiliary system
motors, their electro hydraulic control gear, fittings,
mounting bracketry and driven equipment, ie., fan

assembly and stern ramp.

1.1.7 Final Drives

This element ~efers to the two (2) final drive units and
all internal components and subsystems including parking
brake and tacho generator. It includes all fittings,
mounting bracketry and externally mounted control gear
and maintenance equipment. Sprockets are also included

in this element.

1.1.8 Control System

This element includes all electronic, electro hyvdraulic,
hydraulic and mechanical control components and sub-

svstems. It includes steering mechanisms, braking and

gear changing mechanisms and cooling system mechanisms

that are not associated directly to either final drives,
pumps or motors, eg. manifolds, lines and fittings and inter-
mediate hydraulic control devices. This element does not
include-any instrumentation and data storage/recording

equipment.
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1.1.9 Instrpmentation and On-Board Data Collection and Storage

. This element refers to all sensors and transducers and
their associated hardware, on-board data recorders and
power supplies. This element includes all instrumentation

. related equipment that is not directly associated with

actual vehicle performance.

1.2 Svstems Test and Evaluation {(T&E)

P LAY

This element refers to the use of all hardware to obtain
and validate the performance of the HDSR transmission
system. It also includes thé conduct, support and data
reduction of all operations concerned with T&E. It

includes also the overall effort concerned with WBS units

‘ 1.2.1 and 1.2.2., It does not include testing described

and included in 1.1.1.

1.2.1 Static Svstem Testing

This element refers to all aspects of T&E when the M113
vehicle is static. It includes all testing effort that is
associated with the hardware elements. It also includes

all materials consumed in the process of static testing.

System Testing

. 1.2.2 Dvnamic

This element refers to all aspects of T&E when the M113
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vehicle is in motion. 1t includes all testing concerned
. with overall vehicle performance in addition to the drive
train. It also includes all materials consumed in

dvnamic testing.

1.3 Project Management

The project management element refers to the engineering
and administrative control over the HDSR transmission
syvstem installation. The element includes the effort
involved in managing technical control of the hardware
installation and of WBS elements 1.1 and 1.2,
Additionally it concerns the management of the develop-
ment of logistic support policy and "trouble shooting”

procedures for the HDSR.

1.3.1 Engineering Management

This element concerns the management of the HDSR hardware
installation and includes development of final design
layout and production of all data that refers to the
actual HDSR installation and configuration. It also
includes maintenance and accessibility aspects concerned
with the repair and support of the transmission in the
M113 vehicle. It includes development of policy and

operational procedures, safety aspects and component
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performance specifications resulting from actual test.
This element includes the development of T&E support
requirements in terms of contractor on site engineering
support, spare/repair parts. It also includes any

preparation of "as installed” data.

1.3.2 Administrative Management

This element refers to the business and administrative
planning, organization, directing, coordinating,
controlling and approval actions designated to
accomplish overall project objectives that are not
associated directly with specific hardware and T&E
elements and engineering.management. Examples of
administrative management include:

{a) Cost scheduling.

{b) Resource allocation.

{c) Performance management.

{d) Contract management.

{e) Data management.

(f) Vendor liaison.

This element refers to all data generated on the entire

HDSR system. It does not include data produced
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1.4.1

1.4.2

specifiically from either static or dynamic tesfing,

Static Test Data

This element refers to data generated from all component,
subsystem and systems T&E, acquired with the M113

vehicle and its components and subsystems static.

Dvnamic Test Data

This element refers to data generated from all
and transducers that generate on-board data that is
stored and recorded on dynamic test equipment carried

on, and self-contained in the M113 vehicle.
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1.

2.

NOTES ON HDSR HARDWARE INSTALLATION

WORK BREAKDOWN STRUCTURE WITH PROGRAM SCHEDULE

Only the main events associated with HDSR installation have been shown.
Interdependence is indicated by the vertical arrows, e.g. the final drive
installation will have to be completed prior to main drive motor

installation.

The chart should be read in conjunction with the WBS level layout and

the WBS definitions.
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13.0 Heat Balance

In the M113 with a HDSR transmission, heat wiﬁhin the
engine/transmission comparkment will be genefated by the following:
- Engine waste heat.

- HDSR efficiency losses.

- Final drive efficiency losses.

- Fan drive efficiency losses.

- Auxiliary hydraulics efficiency losses.

- Radiated heat from all of the above.

All heat will be dissapated to the atmosphere through the main engine
radiator and a single finned tube (mobile type) o0il to air heat
exchanger stacked in tandum and both supplied with the vehicle. Air
flow for cooling is by a Noah Howden (Part No. Z6520-1) fan, also
supplied with the vehicle. Fan speed is variable as a function of
hydraulic oii and/or engine coolant temperature.

In this analysis, we assume thatiengine cooling is adequate and will
match the worst case fan speed requirement for HDSR systems cooling.
This may very well not be the case. ' We therefore plan to place
temperature sensors in both the engine radiator top jacket and the
main hydraulic reservoir. Whichever system temperature reachqs its
preset limit -first will control fan speed.

Engine temperature will adjust fan speed to three levels based on

engine coolant temperature.
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Below 180 degrees F the fan is stopped.

Between 180 and 215 degrees F the fan speed is 1000 rpm%.

Between 215 and 225 degrees F the fan speed is 2500 rpmx.

Above 225 degrees F the fan speed is maximum¥.

¥+ Maximum fan speed will be determined by vehicle dynamic testing.

All fan speeds may be adjusted based upon dynamic testing of the

vehicle.

HDSR main system fluid will be maintained at 175 degrees F in the

reservoir. This will provide 10 ¢s viscosity o0il to the pump inlet

for optimum HDSR efficiency. Fan drive fluid is common with main
system fluid,

Final drive fluid is common with auxiliary hydraulics fluid. Heat

generated by these components will be transferred to the engine

coolant through a shell and tube heat exchanger. Engine coolant is
selected for cooling these circuits for the following reasons:

- Engine coolant will be a 50/50 ethylene glycol/water solution which
develops less pressure drop through a heat exchanger shell side thar
does hydraulic'fluid at the same flow rates.

- Engine coolant flow rate is less than HDSR system flow which further
reduces losses. (Approx. 10 gpm engine vs 20°gpm -HDSR)

- Final drive units and auxiliary operating temperature can operate axz

engine temperature without penalties in efficiencies.
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Summary of cooling requirementst

System HP Loss BTU/Min Fluid GPM Temp. giUIgemp. Out
HDSR 48 2036 0il 15 190 1756
Fan 5 212 0il 2 190 175
Final Dr. 19 806 0il 15 - -
Other 1 424 0il Negli. - -
HDSR

Total 53 2248 0il 17 190 175

Ambient air in is estimated to be 125 degree F in the engine
compartment.

$ Worst case - see efficiency analysis

Heat Load = 2250 BTU/Min

BETU/HR x 100 degree F/ITD = 2250 x 100 x 60 = 210,000

From the attached curve for todel M-45, an air flow rate of 1750 FPM
vill provide needed cooling.

Required volumetric (Air) flow rate (1750 CFM) (8.88) Ft )

15,540 CFM

Fan HP = 42 ¢ 46 HP (See attached fan curvé)
Summary:
The worst case condition may be managed with the existing Noah-~Howden

fan at less than maximum (5000 rpm) speed. Under the worse case a
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heat balance is achieved with the following conditions:

- Air flow rate: 15,540 CFM @ 4100 rpm fan speed

- Air pressure drop (In. H 0): 1.0

- Air temperature In (Degree F): 125

- 0il temperature In (Degree F): 190

~ 0il temperature Out (Degree F): 175

~ 0il flow (gpm): 15

Heat rejection (BTU/MIN): 2250 = heat load of 2250

The M-45 air cooler data used in this analysis is manufactured by
Thermal Transfer Products LTD., Racine, WI. This unit is similar in
size and.construction to the unit supplied with the vehicle. It is
our intention to use the air cooler supplied with_the vehicle on the
basis of similarity. If this is not agreed with by DTNSRDC, a model

M-45 will be installed.
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‘i/ K NPT FLRALE PIPL THREAD (2 PLACES)

AR v;ntssunt DROP = :
ALL MODELS qu

)
1.8 .
gm
<y ]-
31 [ ‘
"2
g $
g 3
A 162 r ul
g 3 fia ‘° \ — bt
o E ) DIA 4 MOUNTING ROLES
Face Ares | Weight |
- modet] A | 8 Jclo)elr]alnltan i
a M-10 J19.72 [ 1672 | 380 134.801168.221 600} 7.56 [ [
g M-15 $1972] 1672 ] 5507 1450] 18221 8001 656 | § 81 8
T M-20 [1072] 1672 | 0.50] 14.80] 18.22 11200 [ 1356 | 1 (F3l "
g' W25 [2572] 2272 {15501 20.60] 24.22 | 1860011956 | 1 256 19
l M-30 | 24.72 | 21.72 {21.50] 18.50] 23.22 | 24.00 | 25.75 | 1%, 325 25
5 M [aar2] 2172275011950 223000 ]81.25 | ¢ 4.06 81
g g W40 | 3022 | 2722 [ 33501 25.00] 26.72 {3600 | 3775 ] "% 1 625 | 43
FPM AIR VELOCITY M-85 § 40721 37.72 133501 35.50] 36.22 13600} 37.75 | 1 8.88 ‘54
1. Calcuis‘e heat load o sctually be dissipated: EXAMPLE:

Horsepower x 2545 = BTU/Mour

BTU/Minute x 60 = BTU/Hour
2. Calculate heat load for use with curves. Curves are
based on 100°F ITD (initial temperature difference)
between entering oll and ambient air.

BTU/Mour x 100°F 100°F
(°F oll entering—°F Amblent &ir) BTU/Mour x “y3p

3. Caiculate air velocity or CFM (cubic feet per minute)
required (assume a face areg from table):

\ . CFM
FPM(feet per minute) vel:::lly = m

CFM = (FPM velocity) x (square feet faoe area)
Face araa must be consistent with model used.

With 40,000 BTU/Hour heat 10 be dissipated at 40 GPM ol
fiow of SAE 10 oil at 180°F entering and 2560 CFM of sir st
100°F ambient, delermine cooler made! number and oil
pressure ¢rop.

A. 40,000 BTU/Hour x 100°F = 50,000 BTU/Mour x ITI;F

B. 2560 CFM
2.56 Face Ares

Model M-25 is selected from the curve because at 40 GPM
oil and 1000 FPM air velocity BYU/Hour x 100°F (TD =
§5,000. Oil pressure drop at 40 GPM oil and 50 SSU oil
viscosity is 13 PSI.

= 1000 FPM alr velocity

4. Yo find the mode! number of cooler enter botiom of L OIL VISCOSIYY, 88U
curve with GPM oil flow, go upward to FPM gair O SAE SAE SAE SAE SAE
velocity, then left to BTU/Hour x 100°F ITD value Tomp. 3 10 20 30 40
calculated from step 2. ep ]

S. To find oil pressure drop stari at bottom of curve with TS B 1 T ‘ o
GPM oil flow, go upward 10 average oll viscosity {see ;?g 1;3 ~‘:g 2;: y 5: 7::-'
Viscosity Table), then right to oil pressure drop. : P s

3 : 4
. 8
B H
x 2 3456 6810 20 & sooo}og 200 300 400 %
£ 400000 - KXY/ #
3 300000 2o rom] a0 &
E 250000 ;g g
ant 1000
m ...... - 20
150000 - $00 15 § M-45
125000 ; 125
100000 i+ J( 10
Y6000 /N 7.5 Al dimensions i inches.
” / NOTE: Thermal Transter
50000 1 3 Products, Lid ., reserves
2 34858 810 20 3040 60 80100 200 300 400 e i

Ofi Flow (GPM)

cheanget without hotics.
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HYDROSTATIC TRANSMISSION
Type AA4V Pump —Type AA6V Motor
Gas Pedal (Automotive) Control (DA)
Speed Sensing Option for Displacement Controls

Sizes 40-250 | Up to 6000 psi | 2.44 to 15.25 in%/rev.

REXROTH
WORLDOWIDE HYDRAULICS

MOSILE HYDRAULICS DIVISION
1700 Oid Manstieid Rd.

P.0. Box 394 Wooster, OH 44891
216/263-3300 Telex: 98-8335
INDUSTRIAL MYDRAULICS DIVISION
2315 City Line Rd.

P.O. Box 2407 Bethiehem, Pa. 18018
215/894-8300 Telex: 84-7496

RA
06202

Replaces RA 13342
Issue Date: 10/84

AA4V 71, 250 Series 2 AAA4YV 40, 56, 90, 125 Series 1

AABV 55, 107, 160 Series 2

Description: AA4V

The AA4V is a swashplate design, variable displacement, over
center, axial piston pump that has been designed exclusively
for closed circuit hydrostatic transmissions where a self-
contained pump package is required.

The pump design incorporates acharge pump, charge pressure
relief valve, and two combination high pressure relief and
make-up check valves. SAE A, B, B-B and C through drives are
also available as an option on the AA4V,

Features

* High power to weight ratio
¢ High volumaetric efficiency due to
the spherical control plate

s HMeavy duty service capability ¢ Low noise levels

* SAE high pressure and threaded ports
¢ “State of the art” design
e Compact size and lightweight

Description: AABV

The AABYV variable displacement axial piston motors are de-
signed for use in hydrostatic transmissions when both high
torque and high speed are required. They may be used in open
and closed circuits, with or without charge pressure on the
outlet port.

¢ High strength cast iron housing

e SAE mtg. flange and spline shaft

¢ High shaft loading capability

* High starting torque characteristics
of the AAGV motors
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Technical Details

General Specifications AA4V Pump
Specifications Unit AALV40 AA4VSS AAAVTY AA4VI0 | AA4AVIZ2S | AA4V250°*
inYrev 244 3.42 7.63 15.25
Displacement - i e N SR 18 | 2507
gpm 10.56 14.80 33.00 66.02
Nominal flow at 1000 rpm DTN ST e T Y R ) 1 | 250
Maximum pressure pel 500 5000 8000 8500
R L TR AR AR,
Ib /100 psi 3.23 453 10.12 0.2
Toraue - Nmbae-f .. 08367 o 088 . 1o 1931 14k T 198 [ agEn
f
Maximum aliowable shaft torque r::' 3 i3 ,,.:2‘; W BT :; —rp :‘:’} ot ::3 —— :‘;; - ::;
Maximum drive speed pm 3700 3400 3200 2900 2600 2000
Minimum drive speed pm 500 500 500 500 500 500
Weight ibs 64 77 95 112 154 287
(approx., varies with control type) - Kgo ool 28 S TV Y~ T IErE ~ WO ST
18.72 A
Moment of Inertia 8 2.0 0?1735 1334 - 3217
Maximum case pressure e e 2
g - ‘ 2 P 3 ‘_ zv“:f = 2 o,
Fa Fa lbs 337 494 617 1078 1349
Maxun‘ll.lr'noz:]rmlssflbie ’ ' Ny T 4800 2200 =y 3500 o+ 48007 © 6000 . .~
rominenrily e | _fab | we 1124 1416 1796 2472 4948
—= 1 e | Nee s - 30005 <147 5000 | T 8300 8000 © 11000 | - 22000
*The 250 DA V13 not and longer lead times will apply.
Charge Pump
Displac t in¥frev 0.51 0.70 1.18 1.16 1.61 3.20
ormen cmirev--|. .- 8.4~ 114 190 19.0 - 284 .. 525
220 3.03 4.00 5.02 6.97 13.85
Nominal fiow at 1000 rpm - 3':;: 22 RGN WNEE FRarTY N SeT T e Y Y ey v e mé
320 320 320 320 320 320
Nominal pressure T T T % b T T T
psi 580 580 580 580 580 580
Maximum pressure I P R T IS (I S SICT I ™ JEa TS I
Minimum inlet pressure psig ~32 -32 -32 -3.2 -32 -32
(at normal operating temperature) (absolute)| ;> 08} 08 | - 08 ;. 0.8 . 087 :-] ¢ o8

Description...The AA4V is a swashplate design, variable displace-
ment, over center, axial piston pump manufactured by the Hydro-
matik Division of Rexroth.

The AA4V has been designed exciusively for closed circuit hydro-
static transmissions where a self-contained pump package Is re-
quired. The pump design incorporates a charge pump, a charge
pressure relief vaive, and two combination high pressure relief and
make-up check valves.
The control options are of madutar design to aliow Iinterchange-
ability without altering the basic pump. The three basic displace-
ment controls are: -

remote hydraulic pilot (type HD)

manual rotary servo (type HW)

proportional electric {type EL)
A complete range of control accessories is available to extend the
control versatility of this pump.

instalistion...The AA4V pump may pe mounted in any position
around the horizontal axis. The horizontal axis (drive shaft) may be
tilted 15° in either direction from the horizontal.

The AA4V transmission pump is usually face mounted to a drive gear
box with the shaft engaging a mating female splinad gear hub, or
spline adapter. The large drive shaft bearings permit the pump to be
driven by vee or toothed belt drives. The case drain line shouid be
connected to the highest case drain port (T, T,, T, or T)) so that the
pump case always remains fuil of oil. The case drain return piping,
or hose, shouid be sizad to accept the full flow of the charge pump
at the maximum anticipated drive speed.

For mobile applications, the oil reservoir capacity required (in
US gallons) is generally .75 to 1 times the charge pump flow (in
US gallons per minute) for a one pump, one motor transmission. The
heat exchanger should be located between the pump case drain and
the reservoir, and sized to accept the full flow of the charge pump
at the maximum anticipated drive speed.

Fluld Recommendations...The AA4V pumps are supplied as stan-
dard for use with good quality, petroleum based hydraulic fluids.

The prime consideration in the selection of a hydraulic fluid, is the
aexpected oll temperature extremes that will be experienced in
service. These extremes will govern the selection of a fluld with the
most suitable temperature-viscosity characteristics.

When there is a question of the suitabifity of a particular fiuid, or for
applications which wiil operate near the extremes of viscosity or
temperature, the fluld manufacturer shouid be consuited.

Viscosity Ranges...The hydraulic fluid selected should operate with
the following viscosity ranges.

Maximum viscosity at start.up 4600 SSU (1000 cSt)
Normat opemtln? viscosity range 66-464 SSU (12100 cSY)
Optimum viscosity range 81-141 SSU (16-30 cSt)

Absolute minimum viscosity 60 SSU (10 cSY)

Operating Temperature... ~ 13°F to +185°F (-25°C to +90°C).

The temperature level of a particular system is normatly measured at
the pump or motor case drain. This temperature is then used to
estabiish the cooling requirements for the system.

Start-Up...The pump case must be filled with oil, and where possible,
all piping and hoses should be filled with oil prior to the first start-up.
The pump controf should be set at zero stroke for start-up.

Before running the pump at full speed the drive should be jogged
until a charge pressure of at least 50 psi is established.
Applications vary and therefore the most suitable start-up method
should be selected for the application.

MORE DETAILED INFORMATION ON MO!JNTING POSITION, IN-
STALLATION, FILTRATION, FLUIDS AND START-UP PROCEDURES,
IS AVAILABLE IN A SEPARATE PUBLICATION TITLED ‘AA4V APPLI-
CATION AND SERVICE MANUAL’

REXROTH




Technical Details

General Specifications AAGV Variable Motor

Specifications Units AAGBV5S5 AABV107 AAGVI60
in¥rev 334 6.53 9.76
Maximum displacement (Vmax) n 548 107 160
in? .96 1.88 2.81
Minimum displacement (Vmin) 2 I'rav’ 158 308 26
Maximum speed at Vmax pm 3750 3000 2650
Maximum speed at Vmin"** pm 5000 4000 3500
psi 5800 5800 5800
Maximum pressure bar 200 400 - 200
Ib ft/1 ] 443 8.66 1294
Torque constant (at Vmax) b:I oon pe 0870 1697 2541
Ib /100 psi 1.27 249 3.73
Torque constant (at Vmin) Nt pa 0249 T 0488 - 0732
Maximum allowable Ib ft 265 520 776
shaft torque (at 6000 psi) Nm 359 - 705 - 1051
60 114 163
Weight (varies with controt) :(: 27 52 74
2 17.75 57.00 1100
Moment of Inertia el o5 o167 B
. psig 29 29 29
Maximum case pressure Bar (positive) 2 2 2

***See chart on page 15 for maximum speeds at intermediate dlsplacements.

Description...The AA6V variable displacement axial piston motors
feature the bent-axis design rotary group, which provides high
starting torque and high operating speeds. The bent-axis rotary
group utilizes a spherical control plate, which allows the ports
to be located close to the center line, reducing the relative fluid
velocity as it enters and exits the cylinders, thus improving the cyl-
inder filling characteristics. In addition, the spherical controi plate
improves volumetric efficiency at high pressures.

The stroking action Is to one side of center only, hence the
physical size and weight is less than most variable displacement
axial piston motors currently available.

The motor displacement may be changed while driving under
full load, and actuation of the motor control aliows the cylinder
block to swivel between maximum and minimum displacements
to give a speed ratio of up to 3.47:1. Six control variations for
manual or automatic operation are available for the AABV motor.

Mounting Position...The AA6V motor may be mounted in any
position. When mounting in a shaft-up position, special con-
siderations regarding the case drain line are required to ensure
the motor bearings are always immersed in oil.

Installation...The AAG6V is usually face mounted to a final drive
gear box with the shaft engaging a mating female splined gear
hub or spline adapter. The large drive shaft bearings permit vee
or toothed beit pulleys, and gear pinions to be mounted directly
to the drive shaft. The motor may also be used to transmit power
via a universal drive shaft.

The case drain line should be connected to the highest case
drain port so that the motor always remains full of oil.

Fluld Recommendations...The AA6V motors are supplied as
standard for use with good quality, petroleurn based hydraulic
fluids.

The prime consideration in the selection of hydraulic fluid is
the oil temperature extremes that will be experienced in service.
These extremes will govern the selection of a fluid with the
most suitable temperature-viscosity characteristics.

When there is a question of the suitability of a particular fluid, or
for applications which will operate near the extremes of viscosity
or temperature, the fluid manufacturer should be consuited.

The AA6V may be operated with certain synthetic or water-oil
fluids. Please contact Rexroth for detalils.

Viscosity Ranges...The hydraulic fluid selected should operate
within the following viscosity ranges.

Maximum viscosity at start-up 4600 SSU (1000 cSt)
Normal operating viscosity range  66-464 SSU  (12-100 cSt)
Optimum viscosity range 81-141 SSU {16-30 cSY)
Minimum viscosity 60 SSU (10 cSY)

Operating Temperature... - 13°F to +195°F (- 25°C to +90°C).

The temperature level of a particular system is normally measured
at the pump or motor case drain. This temperature is then used
to establish the cooling requiretnents for the system.

Start-Up...The motor case must be filled with oil, and where
possible, all piping and hoses should be filled with oil prior to
the first start-up. The pump control should be set at zero stroke for
start-up. Before running the motor at full speed, the variable
pump, or directional valve, should be operated to provide 10-20%
flow until all lines have been filled, and motor control operation
has been checked. Applications vary, therefore, the most suitable
start up method should be selected for the application.

Filtration

The fluid should be filtered prior to system start-up, and
continuously during operation, to achieve and maintain a
cleanliness level of ISO 18/15. (This corresponds approximately
to NAS 1638 Class 9,or SAE([1963]Class 6.) This recommendation
should be considered a minimum, as better cleanliness leveis
will significantly increase component life.

Each application should be analyzed to determine tho proper
method of filtration needed to maintain the required cleanti-

ness levels, as contaminant generation and ingresssion can
vary greatly, depending on the configuration .nd complexity
of the system.

For particular system requirements, or for application outside
these parameters, a Rexroth Applications Engineer should
be consulted.

See page 12 of this brochure for details of the three available
filtration methods.
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Installation Dimensions

b Remote
Hydraulic inching Pump Size

A B ] D E F
8.51 08 1.10 3.60 5.24 3.70

216054, 1.8x1 2800 . 91.8:°1 1330 {. 94.0:;
9.1 .06 1.10 3.97 5.24 3.70
10.30 22 1.24 4.51 5.12 4,09

282571 .- 55, - 31.5.:] 114.5:.1130.0 .-} 104.0 9
11.59 47 1.61 5.068 5.39 4.70

294534, 120:°3-43.07%-1 1285 . | 1368 . '1_19.5‘3]

Shaded Dimensions are in Millimeters
Port Size

Y, -4 JIC 37° Flare
Z, Consult Rexroth on size and availability.

126

-
-
‘ !
i T ‘i
O S B W B -
b ny
TR R )
RS Ve LT ot E
| { I{
l—m0»D 2 Y
Hydraulic
Brake Inching
Pressure Port
FOR FURTHER DIMENSIONS, REFER TO RA06200

Pump Size

A B Cc D E F G
10.37] 11.18 4.43| 1098 268 5.18| 6.07
71 12636 12835.| 1125 |279.0 || 68.0- | 131.0°154.2;
250 Consult Rexroth for dimensions

Shaded Dimensions are in Millimeters

Port Size
Y, —4 JIC 37° Flare
Z, Consult Rexroth on size and availability.

Y Remote Hydraulic inching
Pressure Port

Z Hydraulic Brake
Inching Pressure Port

FOR FURTHER DIMENSIONS, REFER TO RA08210

L ——a an b v > —- -

e o et o p— s
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Please ask for confirmation of important
dimensions prior to determining your final design.

Installation Dimensions

VARIABLE DISPLACEMENT MOTOR AASV
Engine Speed Related Control, Type DA
Port G, M14 x 1.5

Motor Size

A ) c D E F G

‘ 13.13] 11.38| 11.20] 1.93 | 2.75 | 303 | 575
5513335 [2885 2845 | 49.0. |.69.8. | 7.0 L146.7 .

: 16.22| 14.49| 14.33| 232 | 3.19 | 346 | 598

107 1312.0_ |368.0.1364.0,.| 589 | 81.0°] 87.9 19519,

18.68)| 1650 | 16.34| 2.56 | 3.38 | 3.70 | 6.22

160 14740 (4194 |415.0 | 65.0 .| 85.0. | 8a.0 [1580-

Shaded Dimensions are in Millimeters

FOR FURTHER DIMENSIONS, REFER TO RA06160

Motor Speed/Displacement Limitations

MAXIMUM SPEED...The maximum shaft speeds of the AAGV
variable displacement motors, when operated at reduced dis-
placements, are listed in the foliowing table. The speeds given
are maximums when operating with swivel angles between
18.5° and 7°

Motor Size 55 107 | 160
Maximum speed 3750 | 3000 | 2650
At Vmax (259

Maximum speed at

reduced displacement | 5000 | 4000 | 3500
(18.5° to 7° swivei

angie)

Maximum permissibie

flow Qmax in gpm 542 | 844 | 11

DESIGN SPEED...When designing a hydrostatic transmission
for a vehicle or winch drive using these motors, we recommend
a design speed of approximately 85% of the maximum speed -
at the reduced displacement. This allows for hydraulic motor
speeds up to the maximum when traveling downhifl, or when
lowering the load on a hydrostatic winch drive. It is also neces-
sary to consider the “high idle” engine speeds and improved
volumetric efficiencies of the hydraulic pump and motor when
the hydrostatic transmission is lightly loaded.

APPLICATION ASSISTANCE...!f your application calls for de-
sign and maximum speeds in excess of the above limits, please
contact a Rexroth Application Engineer so that the application
parameters can be reviewed and, if appropriate, an approval to
exceed the maximums can be granted.

REXROTH
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REXROTH | HYDROSTATIC TRANSMISSION PUMP RA

HYDRAULICS
1700 Oid Manstield Rd.

Controls HD, HW, EL, OV, & HM 06200

TYPE AA4V

HYDRAULICS
2315 City Line Rd

P.O. Box 2407 Setnisher o120 | Sizes 40 to 125{ Up to 6000 psi | 2.44t0 7.63 in%rev. | Issue Date: 1/86

Description

The AA4V is a swashplate design, variable displacement, The pump design incorporates a charge pump, a charge
over center, axial piston pump that has been designed pressure relief valve, and two combination high pressure
exclusively for closed circuit hydrostatic transmissions relief and make-up check valves. )

where a self-contained pump package is required.

Features

* SAE mounting flange and

« High power to weight ratio * “State of the art” design spiine shaft
« High volumetric efficlency due s Compact size * SAE high pressure and threaded ports
to the spherical control plate. » Lightweight * High strength cast iron housing
* Heavy duty service capability s Low noise levels * Many control options available
Construction
1 .
S 7 Stroking time orifice (2 per pump)
2 % N @ ﬁg) @ Control piston
N N //_//, iy o @ Heavy duty roller bearings
. A //’ I
AN SR vans i é" @ Rocker cam swashplate
N ’ ¢ et
. e @ inciined pistons
— . , - Spherical control plate
L '* ,';,’/}"" . ® Controi module
= ek o’y < N
$ ¥, ‘ Spline coupling
R % Internal gear charge pump
) @ G 63
,
a FUID mowen REXROTH
. 80CHLOn WORLDOWIDE HYDRAULICS

_




Instaltation Dimensions

Pump Sizes 40, 56, 90 and 125 With HM Control

|

- s + ’
bl ] v
] ]
Pany ; &
SUCTION PORT, SIZE 126. | \

FLOW DIRECTION WITNH® FLOW DIRECTION WITH*

PILOT PRESSURE AT Y, PILOT PRESSURE AT Y,

(CW ROTATION) {CW ROTATION)

ey

Ao
—— AI. D —

po-
A ™

*Note: Flow direction is reversed with CCW rotation.

Size A, A, A, AL AL A A A, A, A, A, A, A, A, A, A, A, Ay A. B, 8, B, 8, B,
11.22 3.31 181 051 189 500 220 049 7.82 5.00 539 270 457 185 — 851 354 7,14 JI.80 4.07 258 1.95 075 094
285 84 46 13 48 127 58 125 1986 127.1 137 685 116 47 — 216.1 89.8 UNC-2B 96.5 103.4 655 495 19 mj
12.05 3.67 205 059 189 500 220 049 8.41 560 598 299 457 215 - 9.10 388 Y, 14 4.14 444 258 207 075 094
08 933 52 18 48 127 56 125 21371422 152 76 116 5485 - 231.2 98.5 UNC-2B 10521127 €55 525 19 238 j
13.39 421 2.28 067 1.89 600 220 049 965 657 650 3.25 512 232 — 1033 443 %, 14 469 498 258 244 098 1.09
. % 340 107 58 17 48 1524 58 125 245 167 165 825 130 50 — 26251125 UNC-2B 119.1 1264 655 62 25 278 1|
1537 476 258 0.79 2684 6.00 244 049 1073 719 748 3.74 591 260 0.16 1159 486 %11 512 553 258 268 1.268 1.25
3908 121 658 20 67 1524 62 125 27251825 190 95 150 68 4 294.5123.5 UNC-2B 13001404 655 68 32 318 !

40

128

Size .u 'u Bll 'u B" Bvl au cv cn c! cl cl cl cl co c' cu cu cu cu cu cv.
200 %-1BUNC 4.26 7.41 154 197 405 8.39 7.13 2.05 209 250 268 3.10 144 280 4.70 0.69 3.37 350 1.34 248

“ 50.8 0.63 DEEP 106.2 188.1 39.1 50.0 1029 213 81 52 53 835 63 788 365 71 1193 175 6856 89 34 63 :
200 %18 UNC 426 8.00 1.54 1.97 4.39 8.39 7.13 205 209 281 280 344 150 307 512 0.89 3681 3.74 1.34 268
50.8 0.63 DEEP 10822032 39.1 500 1115 213 181 52 583 715 71 875 38 78 130 175 9186 95 M 68
% 225 %, 14UNC 4.74 906 154 197 4.94 1051 900 2.32 236 3.09 309 400 167 354 587 0.81 408 4.41 134 307 i
57.2 0.63 DEEP 1205 230 39.1 50.0 1255 267 2288 59 60 785 785 1015 425 90 149 206 1036 112 34 78 !
. 128 2683 %13UNC 522 088 154 197 537 1051 900 — 268 354 — 443 181 384 6.44 081 488 512 142 3.60
66.7 0.82 DEEP 1325 2535 39.1 500 1384 267 22886 — 68 90 — 1125 46 975 1635 208 124 130 38 018 %
Weights: 4 __Mibs. g0 112 1bs. :
58 _7& 125&. Note: Be0 page 2 for spline date Shaded dimensions are in miilimeters.
35 kg 70 kg

13 REXROTH
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RE 29 166/8.66

Proportional Pressure Relief Valve RE
N SMANN Type DBETR/Series 1X 29 166/8.86
Sizeb max.25,180and315bar| 2,3and 10L/min Replaces: 7.84
- low hysteresis ;
~ good repeatabity :

-~ electrical feedback of the set spring tension

- proportional solenoid with inductive positional
transducer (pressure balanced)

- mounting dimensions to DIN 24340 Form A 6

Type DBETR-1X'...

Description of Function, Section

Proportional pressure relief vaives type DBETR are direct
operated, seated type valves with electrical remote control.

The pressure setting of the valve is directly proportional to the
electrical input signal.

The valve basically consists of the body (1), the proportional
solenoid (2) complete with inductive positional transducer (3),
valve seat (4) and vaive poppet (5).

The input signal for the pressure setting is given by an input
potentiometer (0 — 9 V). This input signal operates via amplifier
type VT-5003 and the proportiona! solenoid (2) to compression

Important: 8)(2
When commissioning, bleed valve
via bleed screws (8). 3

Symbol

spring (6). The tension in the spring (6), i.e. the actual nosition of
the pressure pad (7), is determined by the positional transducer
(3). Any difference between this and the input value is then cor-
rected by the control system.
Using this principle, the solenoid friction is overcome.
This gives: low hysteresis,

good repeatability.
With a zero input signal, loss of current to the proportional sole-

noid, or break in the cable 10 the positional transducer, the vaive
automatically sets to the lowest pressure.

7) (6)(5)(1)(4

Type DBETR-1X....
Ordering Code
- "
DBETR -;1x / *

Series 100 19 = 1X Further details in clear text |

(10 to 19 & installation and connection

dimensions remain unchanged) no desig. = mineral oi's DIN 51 5%4
(ML, HLP)

Pressure siage: V= phosphate ester (HFD-R)

upto 25bar = 25

up 10 180 bar = 180

up t0 315 bar = 315




RE 29 166/5.96

Technical Data (For applications outside these parameters, please consult us!)

Hydraulic
Max. pressure ~— pressure stage 25 bar | .25
setting — pressure stage 180 bar | .. 180
— pressure stage 315 bar | ..315
Min. pressure setting (volume dependent) (see curves on page 3)
Port T separately to tank
Max. pressure with pressure regulation bar | ..2
inport T without pressure regulationport T locked  bar | ..315
Max. pressure in port P bar | ..315
Max. flow - pressure stage 25 L/min | ..10
. — pressure stage 180 L/min | ..3
— pressure stage 315 L/min | ..2
Filtration um | <25 required (< 10 um recommended for increased life)
Fluid mineral oils DIN 51524 (HL, HLP)
phosphate ester (HFD-R)
Fluid temperature range °C|~20..4+70
Vigcosity range mm?/s | 2,8...380
Hysterasis % | <1  ofmax.pressuresetting
Repeatability % | <0,5 ofmax.pressuresetting
Linearity
- pressure stage 180 - pressure stage 315
(between 30 and 180 bar) (between 60 and 315bar) % | <1,5 of max.pressure setting
Typical DBETR % [ +3 ofmax.pressure setting
variation amplifier type VT-5003 % | <05
Seppedo Py T P e
Response time Response time
Pressurestage25and 180  0...100 100 S0
Pressure stage 315 0..100 150 100
Mounting position Optional
Weight kg | 40
Electrical
Type of supply DC
Solenoid coil resistanc - cold at20°C Q{10
max. warm value Q1139
Duty % { Continuous
Max. ambient temperature ‘C|..+50
Electrical solenoid Plug and socket to DIN 43650/2 pole + SL/PG 11
connections  positional transducer Plug and socketto DIN 43650, Form B
Insulation to DIN 40050 Pes
_iuwﬁvﬂ:ge full wave rectification Vo | 24£10%
amplifier rectified 3-phase supply Von | 24...35
Max. power requirement VA | 50
Coil resistance at20°C 1 ] m
(positional transducer) Q 56 56 112
Inductivity (positional transducer) mH | 6...8
Oscillator frequency (positional transducer) kHz | 2,5




RE 29 166/5.86

Operating Curves (measured at v =41 mm?/sec, t = 50 °C and without back pressure at port T)

‘ 25 Pressure stage 25 s 28 Pressure stage 25
2 2 ‘ 820 /
; /.
% 15— 2 2.5
3
§ V771 £ 1o
/, g é
- “ s / “ os r/
-//
0 20 ™) 60 80 100 0 2 4 3 ] 10
Input signal voltage in% Flowin L/min
( 200 |- Pressure stage 180 ) 10 |- Pressure stage 180

]
o G 8
£ 150 3
= 2 6
8 W/ i % 4
o 100 7 3 /
§ y/ 2«
£ :
7, a
By 4 2
0 20 0 60 80 100 0 05 1 15 2 25 3
Input signal voltage in % Flowin L/min
315 109
300 |- Pressure stage 315
. Q 250 5 |- Pressure stage 315
£ 200 G 4
- g £ /
£ 2 /
8 150 £3
: :
: @ 100 2
A 5
® / o /’
_ (] 20 40 60 80 100 0 05 1 15 2
3 ‘ Input signal voltage in % Flow in L/min
Curve 1-withaflowof 2L/min Curve 6-witha flowof 0,5 L/min
Curve2-withaflowof 4L/min Curve 7-withaflowof1,5L/min

Curve3-withaflowof 6L/min
Curve4-withaflowof 8L/min
Curve 5-with a fiow of 10 L/min

Curve 8-withafiowof3 L/min
Curve 9-withaflowof1 L/min
Curve 10-withaflowof2 L/min




RE 20166/5.86 ©
Unit dimensions: Proportional pressure relief valve {dimensions in mm)

TG (
=]
rég e
= ] e
W
_rll—_ﬂ—i 3
| L
. ' =4
=t JJ!@{J K|
160 - 88 ’-—J

19 4t
————F [ &
1 T <
| S 10 ST 3
\
- - |1 »-2 P R
.‘ 'qg - 4 1 Pas | §§ ] 3 o
1 ~I,.,.. L l
- -
——-20.5--0—40.5—J L_BW
95.3
Required surface finish of
L] aoroo ""ﬂ vaive mounting faceif a
subplate is not used.
Subplates:
Type G 341/01 (1/4” BSP) and .
G 342/01 (3/8" BSP) o (
iti and valve fixing screws M5 x 50 DIN 812-10. )
Positional Transducer (tightening torque 9 Nm) must be ordered
separately, to catalogue sheet RE 45052.
. 1 Vaive body
—{— _] 2 Proportional solenoid with inductive
i I )i I . positional transducer
Suil - | 3 Namepiate
_i 4 Mounting face
] § O-ring9.25x1.78

;l 6 Clearance for removal of plug

Mannesmann Rexroth GmbH, JahnstraRe 3 -5, D-8770 Lohr am Main, Tel.: 09352/ 180, Telex: 06894 18 (
G.L. Rexroth Ltd., Cromwell Road, St. Neots/Cambs. PE 192ES. Tel.: 0480-76041, Tix.: 32161
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X5

PRESSURE RATINGS OF STEEL PIPE J(

“ Based on ASTM A53 Grade B or A106 Grade B Seoml?ss
ANSI B31.1, 1977 with allowances for connections and fittings

reduces these working pressures approx. 25%
PIPE PRESSURE-PSI WATER PIPE PRESSURE-PSI WATER
HAMMER HAMMER
NOM. St A NOM. SIZE CH.
...c..sét s'::: WORKING | BURST | FACTOR | ,ycpes s,.o, WORKING | BURST |FACTOR
- 1 40 3500 20,200 2% 160 4200 15,700 5.43
/8 80 4800 28,000 2% xXxs 6900 23,000 - 7.82
V/a 40 2100 19,500 3 40 1600 7,400 2.60
V/4 80 4350 26,400 3 80 2600 ] V0,300 2.92
- kY, } 40 1700 16,200 3 160 4100 15,000 3.56
3/8 80 3800 22,500 3 xxs 6100 20,500 4.64
/2 40 2300 15,600 63.4 3% 40 1500 6,800 1.94
172 80 4100 21,000 k)] 80 2400 9,500 2.7
172 160 7300 26,700 4 40 1400 6,300 1.51
/2 xXxs ‘2300 42,100 4 80 2300 9,000 1.67
3/4 40 206y 12,900 3.1 4 160 4000 14,200 2.08
/4 80 3500 17,600 44.5 4 XX$ 5300 18,000 2.47
3/4 169 8500 25,000 H) 40 1300 5,500 960
/4 XXS 10000 35,000 L] 80 2090 8,100 1.06
1 40 2100 12,100 22,3 L 160 3850 13,500 .32
. 1 80 3500 15,900 26.8 H xX$ 4780 16,200 1.49
\ 160 5700 22,300 3.9 é 40 1210 5,100 666 g
] XXS$ 9500 32,700 6R.3 6 80 2070 7,800 738 :
% 40 1800 10,100 | 129 6 160 ~ | 3760 13,000 912 X
1% 80 3000 13,900 15.0 6 XXxs 4660 15,000 1.02 p
1% 160 4400 18,100 18,2 8 40 1100 4,500 385
141 xX$ 7900 27,700 30.5 [} 80 1870 6,900 A22
1% 40 1700 9,100 9.46 8 160 3700 12,600 529
1% 80 2800 12,600 10.9 8 xX$ 3560 12,200 S19
1% 160 4500 12,700 1.7 10 40 1030 4,100 244
% xX$ 7200 25,300 20.3 10 *80 1800 6,600
R : 2 40 1500 7,800 5.74 10 160 3740 12,500 .340
. 2 80 2500 11,000 6.52 10 XX$ 3300 11,200 K |
o 2 160 4600 17,500 8.60 12 g4 1000 3,800 - -
2 XX$ 6300 22,100 10.9 12 **80 1800 6,500 K
2% 40 1900 8,500 4,02 12 160 3700 12,300 239 B
. 2¥% 80 2800 11,500 4.54 12 xXX$ 2700 9,400 =
The elloweble pressures were celculated by the formule in the |tebulated sbove eccordingly moy be used, provided thet weter b A
Cede for Pressure Piping, ASA B31.1.1955,Section3, por. 324 (e), | hommer or shock conditions ere considered by reducing these B
250-C) values by the product of the flow rate in gellons per minute end v Y
W the Weter Hammer Facter tabuleted sbove. -
where P=ellowable pressurs in b per sq in. (geuge) Thus if the flow rete is 100 gpm in @ 2°* extre strong line, the o
Sugllowsble working stress in 1h per sq in. shock preasure created by woter hammer is 100 x 6.52 =652 bs. §
D= outside diemeter in inches per 3q in.; by deducting this from the value of 2500 Ib per sq in. :
tudesign thickness in inches, or 12%% less then the shown in the teble the ollowable stetic working pressure is found 3
nemine! thickness shown in the teble to be 1848 Ib per sq in.
Ceellowence in inches for corrosion and/er mechenical 25+ :
strength (C=0.05% has been used above for ofl pipe Burst pressures for pipe were colculoted using formule Pt-—B—
sizes) =
W = .
y ® e coofliiciont having velues fer ferritic steels, as fol- here : i :';::':::':“::;:?::::;60’:") .
:‘:‘:’ te end Including 900° F OD = outside diometer of tube in inches 8
0.5 for 950°F t = nominel woll thickness .
0.7 for 1000°F end ebove NOTES: * Not extre strong. Schedule 60 is extre streng in this .
size. <
The aliowsble werking stresses were obtained from the Code ** Not extre strong. Extra strong does not heve e sched. 5
for Pressure Piping, ASA B311.1.1955, Teble 12. ule number in this size! (ID of 12 XS is 11.75 inches) i
Wydraulic mechinery piping is not covered by the Code for € Not stenderd weight. Stenderd welght does net have @
Pressure Piping, but it is currem prectice to use stresses schedule number in this size! (ID of 12 Stenderd 1s
Somporeble with those given for Refinery and Oil Trensporretion 12.00 Inches).
Pislng, Div. A. The ellowoble working pressuwres ot 100°F
©1902, PAUL-MUNROE MYDRAULICS, INC. - ALL WIGHTS RESERVED. Material may not be reproduced In sevy form Without prior writien approvel. 81
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compounded cover.
NG: Hose to be earked with Stratoflex name and part

RECOMMENDED TEMP, LIMITS: -40 degrees F. to +250 degrees F.

nuaber.

STRATOFLEX HOSE STANDARD

LI scacoc,s

&1
LES/
IN

060~ JLl

323- , 271

. . — .- )
-~ JNNER TUBE -
‘ - ~REINFORCENENT _—COVER -~ Ml DEKD Rad.
o 2 - . L
b L ST Il
;‘ .0, ‘ STRATOFLEX 5240-XX, XXX ! 0.D.
A S | "
| S —_— NP .
”"'gis""""""nax KN T CHIN [ 1T HAY  HIN PPER ST T MND
llg "?g i {D SE  HDSE WIRE  MWIRE WALL  BALL gn S FES f
. ik : MR MEoWEE ML MG R
16 1.000 1,040 0.985 1.672 1.578  §.53  1.469 .258 .29 6,000 28,600  12.00
) 1.250 1297 1.2%% 019 1.900  1.887 1,793 .307 .287 6,000 24,500 17.5)
. =AU 1.500 1.547 1.485 43 2218 272 L0718 I 285 6:600 24:000 20,69
: - ————— e
|
NOTES:
HOSE QQNSTRUCT%ON: Seamless Neoprene ded i b i 1 §jb
| aver s rei:’orcedeug;hn-ufggéggnusa ;ng:rh§:he{egg%igngtee :gre. each
separated by intersays, and optional f¥iber overlay, and a black Neoprene

{See HMS 5240)
PROOF TESTz'Hydrostatic pressure test at two times. the récounended operating pressure.

RECOMMENDED USAGE: Extra high pressure service with petroleua base fluids or water,

wall thickness is‘l.n. to wire 0.D. The wall thickness sust be held; however, the hose cannct exceed specified
and 0.D. disensions.

‘fmnmqsammzmw‘gmrort:rmc‘.‘n}s‘mw»sma'mzuqrm 100" DF TH 'TRODUCT'S‘;{QRMSHED BY STRATOFLEX AND

10°BE USED FOR PROCURENENT FURPOSES ECEPT WHEW CONDUCTING BUSINESS WITM STRATOFLEX. i
wwmJre

STRATOFLEX INC. HOSE-INDUSTR1AL RUEBER
EXTRA HIGH PFESSURE

FORT KORTH TENAS hance

: iletiér

'A
{ 5240
‘ |

— e ate e A ———
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FC195 FC199 1509
Maximum Minimum Minimum
Hoss Hose ¥ Opersting But Bond Vacuum | wWeighe
1.0. 0.D. Pressure Pressure Rodius® Service pot fy.
Port Number | (inches) | (inches) (psi) (psi) (inches) (in./Hg) (ibs.)
2-wire braid FC195-04 26 89 5750 20000 400 33
FC195 AQP/M/-IMPULSE o] FC19506 | 38 | B4 ] 6000 | 16000 500 44
SAE100A2A FC195-08 50 97 4260 14000 7.00 55
Sonrruetion: AGP slestome: tube. 2-wire FC195-10 | 62 | 109 { 3250 | 11000 800 61
Application: High pressure hydreutics FC195-12 76 | 125 3000 9000 9.50 )
v**g':"" fluids and "';nm FC195-16 | 100 | 156 2500 8000 12,00 1.03
spplications. ses pages 18-22. FC195-20 1.26 2.00 2250 6500 16.50 1.7
Opersting Tempersture Ronge: Suiutie | [} "FCie524 | 180 | 225 | 760 | 6000 | 2000 197
+300°F. (-40°C. snd +150°C.) Specific FC195-32 | 200 | 278 1500** | 4500 25.00 2.50
high sempemstures are shown with eech
geners! fluid type listed on pages 18-22.
Fittings : Pages 44-49.
Reussbie, see Asroquip Catslog 284.
For complete Agency Listings: See page 23.
Z'Wif. braid FC199-04 25 69 6000 20000 400 N
FC199 SAE100R2A FC189-06 .38 84 4000 16000 .00 A4
—_ FC199-08 .50 7] 3500 14000 7.00 55
ntorosmers end armhaic mbber sover 1t ¢ [Fci9910 | 62 | 100 | 280 | 11000 | €00 0]
:;pllenlon: For high pua::' hydrsulics, crude, fusl FC189-12 78 1.28 2280 9000 .50 82
araon o o T e 22 FC189-16 | 100 | 186 | 2000 | 8000 | 1200 105
Opersting 7 fsnge: ~40°F. to +200°F. FC189-20 128 200 1626 65600 16.80 A3
(~=40°C. 10 +93°C.)
Fittings: Pages 44-49.
For complste Agency Listings : See pege 23.
2.wire braid 1509-4 26 ) 6000 20000 4.00 a3
1509 SAE100R2A 1509-6 38 84 4000 16000 6.00 T
1509-8 £0 87 3500 14000 7.00 55
Construction: Synthetic rubber tube, 2-wire braid 1508-10 82 1.09 2760 11000 8.00 81
reinforoement end eynthetic rubber ”'m 1608-12 75 | 128 | 2280 8000 9.50 82
m”m-.w'mm' mmm' 1509-16 100 | 158 2000 8000 12.00 1.03
e Sy etion on fud 1808.20 | 125 | 200 | 1625 | es00 | 1680 175
Opersting Tomperature Range: ~80°F. 10 +200°F. | 1608-24 150 225 1250 5000 20.00 .19,
(~40°C. 10 +83°C) 1508.32 | 200 | 276 | 1125 | 4500 | 2500 2680
Fiitings: Pages 44-40.
Roussble, m Aesroquip Catsiog 264.
For compiets Agency Listings: See pege 23.
*Soe poge 15 for bend redivs dets.
€*1280 pei when vsed with reussble fitings.
wm\eroquip 29




4-heavy spiral wire
27617

Construction: Synthetic EPDM rubber tube, 4-heavy
spiral wise ssinforcoment, synthetic rubber cover.
Green for identification.

Apptication: For high pressure hydraulic systems
using phosphete ester bese hydraulkic fhsids. For more
specific informstion on fluid spplicstions, see

peges 18-22.

Opersting Tempersture Range: -40°F. w +200°F.
(—40°C. 10 +33°C.)

Fittings: Pages 58-80.
u-m.-umc«b.zu

For complete Agency Listings: Ses pags 23.

12000

213

2767-24

10000

2767-32

4-heavy spiral wire
2791 SAE100R10A

+ Synthetic rubber tube, 4-hesvy spiral
wrire reinrforcement, synthatic rubber cover.
Application: High pressure hydraulics. For more
specific information on fluid applications, sss pages
18-22.

Opersting Tempearature Range: -40°F. to +200°F.
(—40°C. 10 +93°C.)

Fittings: Pages 58-80.
m.ohoqubmhgzﬂ.

For complete Agency Listings: See pege 23.

278

2800

37

4 or 6-spiral wire
FC273
Construction: Synthetic rubber tube ; muitiple hesvy

mm«pmm-u.-u eﬁulov-m.-u
and -32) ; brown synthetic rubber cover.
Applicetion: High pressure hydraulics. For more

specific informstion on fluld spplications, see peges
1.-&

Operating Temperature Range: ~40°F. 10 +260°F.
(-40°C. % 121°C.)

Fittings: Pueges 74-77.
For compiate Agency Listings: See pege 22.

FC273-12

75

128

9.50

FC273-16

1.00

1200

126

16.60

FC273-24

1.50

20.00

FC273-32

JHEE

BEEEE

HHEE

25.00

8|k b8

*See page 15 for bend redive dats.
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Special application hose
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Weight
.D. .D. Pressure A por ft.
Part Number | (inches) | (inches) (psl) (pei) (inches) | (in/ig) | (bs)
Air bmko 2650-8 38 76 226 800 1.76 20
25650/2554 ¢ 2554-6¢ 38 ) 225 800 7 20
Construction: Synthstic rubber wubse, two textile
braids and synthetic rubber cover.
Applicstion: Tractor 10 trailer air brake lines, axie
chamber lines and actor servics ines.
Opersting Temperature Range: ~40°F. o +250°F.
(~40°C.w +121°C.) 2654, -65°F. (-54°C.)¢
Fittings: Contact Asroquip.
For complate Agency Listings: See page 23.
Air brake 2570-4 25 62 25 800 1.50 16 .
2570 2570-6 38 76 225 800 1.75 23
w.:ﬂon: Synthetic rubber tubs, two textile 26570-8 50 88 225 800 200 28
braids snd synthetic rubber cover.
Applostion: Tractor o wrailer sir braks lines, axie 2570-10 62 1.08 225 900 225 34
chamber lines end tractar service lines.
Operating T Range: -40°F. 1o +250°F.
(-40°C. 10 +121°C.)
Firtings : Contact Asroquip.
Reusable, ses Asroquip Catalog 254,
For complete Agency Listings: See pege 23.
Wire inserted suction hose 26112 | 75 | 125 |} 001t | 1200 800 | 8 | 42
26671 SAE100R4 - 2661-16 1.00 1.50 2501t 1000 6.00 2 50
Construction: AQP elsstomer tubs, rein- n) 2661-20 125 | 180 200t 800 800 28 20
forcomem comsisting of a helical wire be-
tween sn inner end outer textile braid and 2661-24 1.50 208 1501t 800 10.00 23 113
o ,,m:’mmms,",,mm”,;, wraraer sppiice 2661.32 | 200 | 260 | 1001t | 400 | 1200 | 28 | 13
tions and lubricating oils,
encling, and water and many other industriel 2661-40 250 312 100 400 14.00 28 1.72
fluids. Frv chemics! trengler applications, ses 2661-48 3.00 362 100 400 18.00 28 186
Asroquip Bulletin 8309,
m Tm w; ~40°F. Bﬂ °“ 4.(» 4.@ W m 5“ 28 3.@
+300°F. (~40°C. 10 +180°C.) p
Fittings: Pages 45-83, 67-80.
Reussble. see Asroquip Cenalog 254,
For complete Agency Listings: See pege 23.
Suction hose FC318-12 75 1.25 300¢ 1200 5.00 2 Az
FC318 SAE100R4 FC318-16 100 150 2501 1000 6.00 28 B(C
Conetruction: Synthetic rubber wbe, reinforcement FC318-
consisting of 8 helicel wirs between an inner snd 8-20 122 1.80 200¢ 800 800 2 x
ouer texiile braid snd synthetic nibber cover. FC318-24 1.50 208 150¢ 600 10.00 28 AR N
Suction and wansfer applicstions for
hydraulics. fust end ulwicsting olls, gasoline, snd FC318-32 200 2.50 100¢ 400 12.00 2 1.X
e e o2, tormetion on fuid spelica- | "Fe31840 | 280 | 312 | 100 400 | 1400 | 28 | 17
Operating Temperature Renge: —40°F. o +200°F.
(~40°C. 10 +93°C.) FC318-48 300 362 100 400 18.00 28 190 .

*See pape 15 for bend redius dete.
tLow tempersture (~65°F. or ~54°C.) 2554 Hose conforms to Ordnence Spec. MIL-M-39928, Type 1, Cless

34 +tMaximum working pressure for band clemp fietings js 60 pei.
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Final Drive and Sfastener sivesses due

to a Qo0 tb
load arrhcd at the srrockc* £

Ovtput Heuvsiua Stvess (Bewdina)

Sec A-A

= I 4.D4) = T 5) = ¢
I~Z(Q D*) = (3355) 164

4+
o= Me 30,000(8.25)( 5. 875)
8= T -

T4 = 8, /11 Lé/inn 437,000ps£
. Output Hou.s;g_s /R\nz Geay Bolt Stress (‘I"’-ngmn)
+ F Max.) = Mil
Bel ovrem (Max.) N WL oo )
Wheve :

L= distavce Ffrem *'?F"'ﬁ Pg;n-':
N = Neo. of bo I'ES/V‘qao
M = -T-sppnuﬁ Mow aewt

———

Bolt Forvecenm 30,000 (11.6875X12.25)
2(.09+1.5¢8+6.574+19.912+ 35515+ C4.284+ 955794 122.77+ (42.83)
+ /60.0
= 3810 Lb;

Beolt Stress = B4 = 28l = 30,500Ls/int & 80,000psi

(sAE Grade B)
Mouginus Bolt s&veﬁ (Tug'oi)

Bolt Fovee = Bo,000(12.438X17)
20.29+ 18.06 + 72.28 « 162.56 + 25/.58) + 289

= 4855 Lb,

Belt S‘évess = &%5;5 - 20, 230 Lb/cu" £ sqom P’l‘.

(SAE Crrade G)




. R.Cushmon & Associetes, {nc.
32367 W. 8 Mile Road
Livonie, Michigen 48152

(313) 477-5599

THE REXROTH CORPORATION Sept. 6, 1986
industrial Hydraulics Division

" 2315 City Line Road

Bethlehem, Pa. 18017

Attn: Mr. Robert M. Dick; Manager, Military Vehicle Systems.
Subj: Engineering calculations for drawing 10007, Two Speed Final Drive.

Dear Bob:

You will find the gear and bearing calculations attached. If you have any
questions, please do not hesitate tocall. _

Please note that the bearing lives listed are maximum conditions, and a~e
very conservative, so weighed life averages will be much higher.

Sinc ‘iy

‘ Iton
Chief ineer

cc; Mr. Richard Cushman
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"} 00T 151886
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SPUR GEAR STRESS ANALYS1S -- AGMA 221.02

PREPARED FOR REXROTH BY GARY HAMILTON

. JOB NUMBER 10007
. PINION BEAR
PART NUMBER 1 2
NUMBER OF TEETH 35 35
D1AM. PI1TCH 5.0000
PRESSURE ANGLE 20. 0000
HELIX ANGLE 0.0000
CENTER DISTANCE 7.0000
" FACE WIDTH 1.0000 1.0000
. ADDENDUM _ . .2000 _ _  .2000
. ‘ “ " WHDLEDEPTH —  °  .a%00 -  .4700
HOB EDGE RADIUS .0840 .0B40
CIRC. TOOTH THICKNESS .3100 .3100
CRITICAL THICKNESS .3952 | .3952
J FACTOR .44563 . 4863
1 FACTOR .1287
OVERLDAD FACTOR - 1.0000
MOUNTING FACTOR 1.0000
. PITCH LINE VELOCITY 989. 6017
DYNAMIC FACTOR _ 8442
. RATING STRESS
BENDING (PSI) 60, 000
__ SURFACE (PSI) : 200, 000
) TORQUE RATING
BENDING (LB-IN) 15,823 15,823
SURFACE  (LE-IN) 20, 133 20, 133
: POWER RATINS AT 540 RPM OF PINION
BENDING  (HP) . 135.57%5 135. 5755
’ SURFACE  (HP) 172.5055 172. 5055
STRESE AT 7878 LB-1K PINION TORQUE
BENDING (PSI) 29,873 29,873
SURFACE (PSI) 125,107 125, 107




" S-N LIFE CURVES

‘ PREPARED FOR REXROTH BY GARY HAMILTON
¢ JOB NUMBER 10007 PINION GEAR
PART NUMBER 1 2
NUMBER OF TEETH 35 35
) DIAMETRAL S. 000
INPUT TORQUE 7. 878
sa S00 -
= u
g 400 F
7 C
g; 300 "
o N
2 ok
& N
= =
= ) —e=—Stress below endurance limit -
' ' w 100 jr_ = _. — ——
. u B
< -
l& o 1 i L L i | | AL 1 1 1 d
S 0
- 10! 103 18° 107 10°
LIFE IN TOOTH LOAD CYCLES
-
150
[ ; i
< 120
o »
. wn -
& 9ot
— "
m =
2 eof
2 i .
& 30 - inion etress below endurance limit
= 1———-——-—Gear etress below endurance limit
: " 1 1 1 1 1 i i
. 10 3 10 ° 10”7 10 9

LIFE IN TOOTA LOAD CYCLES




SEPUR GEAR STRESS ANALYSIS -- AGMA 221.02

PREPARED FDR REXROTH BY GARY HAMILTON

JOB NUMBER 10007

R PINION - 6EAR
PART NUMBER 3 4
NUMBER OF TEETH 30 35
DIAM. PITCH 5.0000
PRESSURE ANGLE 20. 0000
HELIX ANGLE 0.0000
CENTER DISTANCE &.5000
FACE WIDTH 1.2500 1.2500
ADDENDUM <2000 . 2000
WHOLE DEPTH _ .4700 .4700
.~ > HOB EDGE-RADIUS — - = “.08480 - = - .= _I,0840 -:
CIRC. TODTH THICKNESS .3100 .3100
CRITICAL THICKNESS 3864 .3952
J FACTOR. -4327 _ 4419
I FACTOR 1373
OVERLOAD FACTOR 1.0000
MOUNTING FACTOR . 1.0000
PITCH LINE VELOCITY 989.6017
DYNAMIC FACTOR -8442
RATING STRESS
BENDING (PSI) 60,000
’ SURFACE  (PSI) 200, 000
TORQUE RATING
: BENDING (LB-IN) 16,436 19,585
SURFACE (LB-IN) 19,717 23,003
PDWER RATING AT &30 RPM DF PINION
BENDINS (HF) 164.2974 167.8056
. SURFACE (HP) 197.0907 197.0907
’ STRESS A1 13505 LB-IN PINION TORQUE
BENDING (PSI) , 49,301 48,270
SURFACE (PS1) 165,525 165,525

.




S—-N LIFE CURVES

‘ PREPARED FOR REXROTH BY GARY HAMILTON
(.
JOB NUMBER 10007 PINION GEAR
PART NUMBER 3 4
NUMBER OF TEETH 30 ) 35
DIAMETRAL - S.000
INPUT TORQUE 13,505
~ 500 r
e -
g ol
I
g 300 N
f- C
& 200
Y ~ B—St.ress below endurance limit
- -z L= - = .= = = - =
o o
L R
- - )
§ 0 [~ .l 3 L 1 1 i | B 1 1 J
© 101 103 10° . 107 109
LIFE IN TOOTH LOAD CYCLES
E
150 |
7 -
E 120}
! "
& 9}
= L
w -
€ 60t
’9“ —E—-P{nion stress below endurance limit
= - va———-——ﬂa-Gear strass below endurance limit
@ 30 +
-
1 2 N i 1 1 J
103 10 > 10’ 10 °

LIFE IN TOOT+ LOAD CYCLES




Y

SFUR GEAR STRESS ANALYSIS -- AGMA 221.02
PREPARED FOR REXROTH BY GARY HAMILTON
JOB NUMBER 10007
_ PINION GEAR
PART NUMBER s &
NUMBER OF TEETH 25 40
D1AM. PITCH 5. 0000
PRESSURE ANGLE 20.0000
HELIX ANGLE 0.0000
CENTER DISTANCE 6.5000
FACE WIDTH 1.5000 1.5000
ADDENDUM « 2000 .2000
WHOLE DEPTH . 4700 . 4700
. HOBEDGE RADIUS =~ = .0B40 _ _  _ __ .0840
" CIRC. TOOTH THICKNESS =~ .3100 ~ ~ ~ ° ~.3100
CRITICAL THICKNESS 3745 .4021
J FACTOR 4179 -A469
I FACTOR - . 1562
OVERLOAD FACTOR 1.0000
MOUNTING FACTOR 1.0000
PITCH LINE VELOCITY 883.5729
DYNAMIC FACTOR -8509
RATING STRESS
BENDING (PSI) 60, 000
SURFACE (PSI) 200, 000
TORQUE RATING
BENDING (LB-IN) 16,004 27,378
SURFACE (LB-IN) 18,843 30,149
POWER RATING AT 475 RPM OF PINION
BENDING (HF) 171.4048 187.2671
SURFACE (HP) 201.8162 201.8162
STRESS AT 12605 LR-IN PINION TORQUE
BENDING (PSI) | 47,257 45,198
SURFACE (PSI) 163,576 1c3,576




BENDING STRESS (KSI)

SURFACE COMPRESSIVE STRESS (KSI)

S-N LIFE CURVES

PREPARED FOR REXROTH BY GARY HAMILTON

JOB NUMBER 10007 PINION GEAR
PART NUMBER S &
NUMBER OF TEETH 25 40
DIAMETRAL S. 000

INPUT TORQUE 12, 605

—E»Ctress below endurance limit

o
T T T T T T T T T

i00
0 1 i | , 1 i 1 . | L 1 1 -~ Jd
10! 103 10 ° 107 109 3
LIFE IN TOOTH LOAD CYCLES
. K
C .
150
120
-
go =
60
= —e=—Pinfon stress below enduronce limit
ap - L———-—-———ﬂ——Gear stress below endurance limit
r—
i y . | 1 J . . N 1 |
10 3 10 > 107 10 °

LIFE IN TOOTH LOAD CYCLES




. SFUR GEAR STRESS ANALYSIS -~ AGMA 221.02

PREPARED FOR REXROTH BY GARY HAMILYON

JOB NUMBER 10007

PINION GEAR
PART NUMBER ' 7 8
) NUMBER OF TEETH 16 24
DIAM. PITCH 6.0000
PRESSURE ANGLE 20.0000
HELIX ANGLE 0.0000
CENTER DISTANCE 3.3333
FACE WIDTH 2.0000 2. 0000
ADDENDUM . 1667 . 1667
WHOLE DEPTH .3917 .3917
HOB EDGE RADIUS .0700 .0700
_ CIRC. TOOTH THICKNESS 2580 - .2580
‘ CRITICAL THICKNESS .2811 . 3094
J FACTOR .3494 .3862
1 FACTOR . 1420
OVERLOAD FACTOR 1.0000
MOUNT NG FACTOR 1.0000
PITCH LINE VELOCITY 294.6116
DYNAMIC FACTOR . 9053
RATING STRESS
BENDING (PSI) 60,000
SURFACE (PSI) 200, 000
- TORQUE RATING
BENDING (LEB-IN) 8,434 13,984
. SURFACE (LB-IN) 6,914 10,371
POWER RATING AT 422 RPM OF PINION
BENDING (HP) S6.4762 62.4238
SURFACE (M%) 4L, 2951 4:,.29%1
STRESS AT S040 LE-IN PINION TORQUE
. PENDINZ  (PE1) 35,858 IT.A4AT
eUREATE  (FTT) 170,745 1=, 7T




SURFACE COMPRESSIVE STRESS (KSI)

BENDING STRESS (KSD)

S—-N LIFE CURVES

PREPARED FOR REXRGTH BY GARY HAMILTON

JOS NUMBER 10007 PINION GEAR
PART NUMBER 7 8

NUMBER OF TEETH 16 24
DIAMETRAL 6. 000

INPUT TORQUE S, 040

500 r
-
P
400 t+
-
300 |
200 F
n -E»Stress below endurance limit
100 |
"
0 "~ L 1 1 1 1 1 L 1 1 ]
10! 103 10° 107 109
LIFE IN TOOTH LOAD CYCLES
150 t+ '
-
n
120
90 -
60
35 : ——Pinjion stress below endurance limit
- L Gear setress below endurance limit
- L 1 1 ) 1 i ]
10 3 10 2 10’ 10 °

LIFE IN TOOTH LOAJ CYCLES
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The above chart shows how Clutch Torqus Capacity can bs varied by
increasing the Applied Oil Pressure snd/or the number and Dismeter
: of Pistes in the Clutch.
‘ This sliows the desipner great versslikty in &itting the Rocktord
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Item #

1.
2.

4.

6.
7.
8.

1.
2.
3.
4.

1.
2.
3.
4.
5'
6.
7.

9.
10.
11.
12.
13.

1.

3.
4.
5.
6.

M113
HDSR

INSTALLED WEIGHT

- MECHANICAL HARDWARE -

Quantity

Description Weight each Total Wt.
Pump Drive Box 1 pc. 330 1bs 330 1bs
Engine Bell Housing 1 pec. .18 1bs 18 1bs
Modified Mtg. Brackets 2 pcs. 10 1bs +10 1bs
Final Drives 2 pcs. 390 1bs 780 1bs
Fin. Dr. & P.Dr. Hardware - 20 1bs. 20 1bs.
Accelerator Pedal 1 pec. 5 1bs. 5 1bs.
Brake Pedal 1 pc. 5 1bs. 5 1bs.
Steering Assembly 1 set 30 1bs. 30 1bs.
- ELECTRONIC HARDWARE -
* Does not include Data Acquisition System
Voltage Stabilizer 1 pc. 1 1b. 1 1b.
Electronics (cards) 5 pes. 1 1b. 5 1bs.
Enclosure 1 pc. 15 1bs. 15 1bs.
Wiring/connectors(MIL-C-5015) 1 set 8 1lbs. 8 lbs.
Mounting Hardware 1 set 4 1bs. 4 1bs.
~ HYDRAULIC HARDWARE -
Dwg. HS-43-A53-0056~0-4
Item 1.0, Pump 1 pc. 287 1bs. 287 1bs.
Item 2.0, Motors 4 pcs. 154 1bs. 616 lbs.
Item 3.0 Manifold Assy. 1 pe. 32 1bs. 32 1bs.
Item 4.0 Check Valve 1 pc. 84 1bs. 84 1bs.
Item 5.0 H.P. Accumulator 1 pc. 100 1bs. 100 1bs.
Item 6.0 L.P. Accumulator 1 pc. 50 1bs. 50 1bs.
Item 7.0 M.D. Accumulator 2 pcs. .10. 1bs. 20 1bs
Item 8.0 Filter Assy. 1 pc. 19 1bs. 19 1bs.
Item 9.0 Heat Exchanger 1 pc. 84 1bs. 84 1bs.
Item 13.0 Reservoir Assy. 1 pc. 170 1bs. 170 1bs.
=—ew—e-- Mounting Hardware 20 1bs. 20 1bs.
Plumbing/fitting - 200 1bs. 200 1lbs.
Hydraulic Fluid (45 Gals) 300 1bs. 300 1bs.
Dwg. HS-43-A53-0062-C-0
Item 1.0 Pump 1 pc. 64 1bs. 64 1bs.
Item 2.0 Mctor 1 pc. 12 1bs. 12 1bs.
Item 3.0 Manifold 1 pc. 25 1lbs. 25 1lbs.
Item 4.0 Filter Assy. 1 pec. 14 1bs. 14 1lbs.
Mounting Hardware 1 set 10 1bs. 10 1bs.
Plumbing/fittings 1 set 40 1bs. 40 1bs.

——mem i oy

- e e i ————— -+ —— —




Dwg. HS-43-A53-0061-C-1

1. Item 1.0 Pump 1 pec. 8 1lbs. 8 lbs.
2. Item 2.0 Pump 1 pe. 9 1bs. 9 1bs.
3. Item 3.0 Manifold Assy. 270 1bs. 270 1lbs.
4. Item 4.0 Valve 1 pc. 8 lbs. 8 1lbs.
5. Item 5.0 Heat Exchanger 1 pc. 10 1bs. 10 1bs.
R 6. Item 7.0 Hand Pump 1 pc. 10 1lbs. 10 1bs.
7. Mounting Hardware 1 set 25 1bs. 25 1bs.
8. Plumbing/Fittings 1 set 80 1bs. 80 1bs.
9. - System Fluid 20 Gals. 180 1bs. 180 1bs.

EST. TOTAL INSTALLED WEIGHT = 3958 1bs.
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ATTACHMENT 12

1.0

Logic in the HDSR control circuit is designed to be automotive in
nature. With this system, an operator will be able to drive and
control vehicle functions in much the same manner as is required

to drive and control an automobile with a semi-automatic transmission
{or fuily automatic) and with power assist in steering and braking.
Operator feedback with this system is mainly visual as explained in
Par. 5 (page 20) of the report text.

1.1

Control circuits fall into four (4) main categories:

- Acceleration and speed control

- Braking

- Direction Control

- Steering

1.1.1

There is an optional engine speed control to maintain engine speed
within + 5% of optimum for given HP requirements.

1.1.2

Refer to the attached control circuit diagram when reviewing the
following:

1.2 Acceleration and Speed Control

1.2.1

Acceleration and speed are controlled by setting motor displacements
at volumes which are keyved to vehicle speed and/or acceleration

requirements,




1.2.2

The operator controls speed/acceleration with a 1oct pedal which
transmits a voltage signal to the circuit by means of a potentiometer.
The foot pedal/potentiometer system which was furnished with the
vehicle will be used to accomplish this function.

1.2.3

When more vehicie speed is signaled, the voltage signal is routed
through a current amplifier which signals motor proportional control
valves to provide more control pressure to increase motor
displacements. All motors will be stroked simultaneously. Circuit
and individual component pre-adjustments will assure accuracy.

1.2.4 .

This mode of control is open loop torque control with operator sensory
perception of speed or acceleration controlling the speed of the
vehicle or the rate of change of speed.

1.2.5

wWhen vehicle speed reaches a point at which pump flow is inadequate to
reach the speed signaled by the operator, system pressure will begin
to drop and a secondary electrdnic loop overrides the primary loop and
motors are destroked to maintain system pressure.

1.2.5.1

This mode of control is torque/speed (HP) limited and the vehicle will
continue to accelerate to the desired speed until external loads

and/or system considerations limit vehicle top speed.




1.2.6

kEqual motor displacement is further assured by cilosed loopr steerinec
control which is further explained in the steering control portion of
this report.

1.3 Vehicle Braking

1.3.1

Vehicle braking is accomplished in twoc modes:

- Dynamic braking

- Emergency and parking

1.3.2

Dynamic braking is accomplished by reversing signal logic used in
acceleration/speed control. Signal input for this mode of operation
comes from a brake pedal potentiometer which is current amplified to
actuate the logic reversing relay. Signal inputs from the brake pedal
stroke the motors in the reverse mode and braking energies are
directed back into the engine.

1.3.3

Dynamic braking continues proportional to brake pedal pressure until
signal level commands that emergency braking is needed. At this
point, failsafe brake on the final drive units are energized and the
vehicle is stopped.

1.3.4

When the brake pedal is released, all systems are automatically
returned to normal forward propulsion modes.

1.3.5

The brake pedal supplied (GFE) with the vehicle will be used to

provide braking control loop input.




1.3.6

Additional dynamic braking is achieved as the aperator reduces the
speed command to the system. Vehicle speed is controllable with the
accelerator pedal until the operator removes his foot from the pedal
at which point the hydraulic sy¥stem is in neutral and the brake pedal
must be used.

1.4 Vehicle Difection Control

1.4.1

Vehicle direction and/or mode of operation is managed by a control
lever on the operator's console. As with an automotive automatic
transmission control, this lever signals the following vehicle modes:
- Park (P)

- Reverse (R)

- Neutral (N)

- First Gear (1)

- Second Gear (2)

1.4.1.1

In the Park (P) position, the HDSR system is in neutral and the
parking brake is set. 1In this mode, there is no flow or pressure in
the HDSR system.

1.4.1.2

In the Reverse (R) position, vehicle operation is the same as is
described in forward operation (Par. 1.2) except vehicle direction is
reversed. In this mode, gear change options are limited to first (1)

gear only.




1.4.1.3

In the Neutral (N) position, the parking bralke is released, the pump

DA control is actuated with HDSR system flow and pressure established.

In this mode all systems are on standby and ready for tforuvard or

reverse operation. The vehicle may be towed in this mode.

1.4.1.4

With the vehicle control lever in the Fifst (1) gear position, vehicle

forward operation is as described in par. 1.2. Gear change options in

this mode is limited to first (1) gear.

l1.4.1.5

With the vehicle control lever in the Second (2) gear position, gear

change options may be limited to Secggg {2) gear only or may provide

power a shift tvpe control which automatically changes gears from

first (1) gear to second (2) gear and vice-versa. It is recommended

that initial development of the HDSR transmission limit gear shift

options to second (2) gear only in this control position. This leaves

gear change options to a manual mode. After the manual mode is

proven, power shift options will be added.

1.5 Steering Control

1.5.1

Vehicle steering control logic is accomplished with two control loops:

- Closed loop motor speed control for high-speed steering control.

- Open loop motor displacement (Torque) control for sharp (low-speed)
turns.

Transition between the two steering modes is automatic and is

determined by the position of the steering (wheel) control.




‘ 1.5.2
Speed characteristics of individual track mechanisms ohey the
following relationships in powered turns:

Vm = Vehicle Speed

- Rm = Mean vehicle turn radius
Vr = Right Track Speed = (Rm-S/2)w = (1-S/2Rkm)Vm
) V1l = Left Track Speed = (Rm+S/2) e = (1+4S/2Km)Vm
These equations are used in closed loop (Speed Control) logic. This
is control loop No. 1.
1.5.3
The following algorythms are used in (Open loop Torque) control. This

is control loop No. 2
AR = - o Gas Pedal (1-2Rm/S)

: ol = 4 Gas Pedal (142Rm/S)

. Where S = Track gage.
wWith this control logic, the transition from control loop No. 1 and
control loop No. 2 will be smooth and there will be no reaction of
feel or vehicle operation during the transition.
Figures 1 and 2 on the following pages show steering logic

graphically.
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1.5.4

Closed loop motor speed control (Control Loop No. 1)

1.5.4.1

This steering control is used for most vehicle operations and is
signaled for 80% of the steering (wheel) control motion.

1.5.4.2

When the steering (wheel) control is turned a voltage signal is
generated across the steering potentiometer. This signal is first
compared for control loop No. 1 or No. 2 mode. For control loop No. 1
the signal is then converted to a MA current signal and input to a
speed comparison logic element which is also input from the motor
tach. generators. Actual motor speed differentials are compared and
motor speeds adjusted until speed differential matches the command
signal.

1.5.4.3

Steering signals are not linear with position of the steering (wheel)
control and will provide fine steering adjustment for nominal steering
wheel movements. See Figure 2 on the previous page.

1.5.4.4

This speed control with electronic feedback %?11 also assure straight
line vehicle operation when no steering signal is commanded. This is

irrespective of external loads.




1.5.8 Open Joop motor torque control (Control Loop No. ¢)

1.5.5.1

When the steering (wheel) control into the final 20% of control
motion, steering loop No. 2 is automatically commanded. Steering
control logic will make this transition when the vehicle turn radius
is signalled for a turn radius of less than half the track gage. As
previously stated, this is the optimum transition point.

1.5.5.2

In control loop No. 2, voltage signals are converted to currcut
signals. Signal logic is as shown on the circuit diagram and in par.
1.5.3.

1.5.5.3 -
Control loop No. 2 steering control is motor torque control and is
used for turn radii of less than half the track gage, including spin
{Counter-Rotation) turns.

1.6.0 Other Control logic

1.6.1

For all vehicle mobile operations, vehicle speed is monitored and
input to the main pump DRE control. This, in conjunction with the
DBET pressure control, reduces system pressure as vehicle speed
increases. It is planned that syvstem pressure be reduced from a
maximum of 5800 psi at 3 MPH to a minimum of 2850 psi at 40 MPH.
Dynamic testing may prove other pressure setting to be more efficient;

final pressure values will be selected during dynamic testing.

-10-




1.6.2

In all operating modes, the following system parameters will be
measurable and usable for vehicle control systems. {See data
acquisition plan)

- Motor displacements, speeds and pressure.

- éump displacement, speed and pressure.

- Rate of change of any of the above may also be measured.

1.6.2.1

Measuring motors and pump displacements, speeds and pressures and
rates of change, essentially measures pump (Engine) HP vs. Motor
(Vehicle) HP levels and rates of change.

1.6.2.2

Input of this data into a logic element makes it possible to control
engine speed as a function of HP. Engine operation may then be
managed to optimize engine performance (Economy).

Optimization of engine speed vs. HP requirements is only possible if
engine performcnce data is provided to define optimum conditions.
1.7.0

Control logic and circuitry will be a continuing development process
throughout the program at Rexroth. The proposed system is a flexible
syvstem which lends itself to fine tuning and adjusting to obtain

desired control features.

-11-




1.7.1

For future programs (production related), all analogue logic and
circuitry can be handled by a control digital system if digital logic
is fast enough and/or if digital control is desired.

1.7.2

The control module will be housed in a painted steel cabinet which

will be 9"x12"x12". It will be located on the shelf which is directly

behind the operator.

-12-
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‘ RA 31300/8.86
| Pressure Filters RA
REXROTH for Manifold Block Mounting 31 300/8.86
. .. 4600PSI .. 180GPM
Series DF-P, DF-AP (315 bar] (680 L/min)

-~ Designed to be mounted directly onto manifold block to save
space and reduce leakage points and mounting hardware

- Filter head and screw-in bowl constructed of cold-formed
steel (DF 330 P and DF 660 P have a spherical graphite cast

iron filter head)

- Filter housings designed to withstand pressure surges as welt

as high static pressure loads

- Visual, electrical, visual/electrical, or electronic clogging indi-
cators available on inlet/outiet ports on top (DFP) or side

(DFAP) of filter head

-~ Muttiple indicator portlocations available for maximum flexibi-

lity and multiple types of indicators

~ Screw-in bowtl for easy removal of filter element
- Available with by-pass valve so either high or low coliapse

pressure elements may be selected

Functional Description

GENERAL

The DFP and DFAP High-
Pressure Filters are designed to
be mounted directly onto the
manifold block to save space
and reduce leak points and
mounting hardware.

CONSTRUCTION

Maost models of DFP and DFAP
filters have a steel filter head and
a screw-in bow!l made of cold-
formed steel. The DF 330 P and
DF 660 P have a spherical
graphite cast iron filter head and
a screw-in bowi of cold formed -
steel. The filter housings are '
designed to withstand pressure
surges as well as high static
pressure loads. The screw-in
bowl atlows the filter element to
be easily removed for
replacement or cleaning. Basic -
models DFP and DFAP do not
have clogging indicators.

Howaever, a visual, electrical,
visual/electrical, or electronic
clogging indicator can be
instalied. DFP and DFAP filters
are available with or without a
by-pass valve so either high or
low collapse pressure elements
may be selected.

PRODUCT FEATURES
The DFP has inlet/outlet ports in
the {op of the fiiter head, and the
DFAP has inlet/outlet ports

of the filter head to
provide flexibility in mounting the
filter to the manifold block.

Muitiple indicator port locations
can be specified on 38XReTY
DFP and DFARP filters to best fit
the filter clogging indicator into
the space available on the
manifold block assembily.

Multiple indicator port locations
also allow two different types of
indicators to be installed into the
filter. Indicators with two ditferent
trip pressures can aiso be
installed.

FILTER ELEMENTS

The DFP and DFAP filters are
available with disposable BEXRQTYH
Betamicron® BN and BH
elements having 435 PSID and
3000 PSID collapse pressure and

‘absolute ratings of 3, 5, 10 and

20 microns. -

For extended element service

life, the DFP and DFAP are
available with disposable BAXRQTH
Betamicron® BN/HC and BH/HC

high-capacity elements having
435 PSID and 3000 PSID
collapse pressure respectively
and absolute ratings of 3, 5, 10,
and 20 microns. These high-
capacity elements have more
media surface area and lower
pressure drop than the standard
Betamicron® BN and BH
elements.

Cleanable elements are also
available for the DFP and DFAP.
Metal Fiber 4plus4 stainless
steel fleece elements have

4500 PSID collapse pressure and
nominal ratings of 3, 5, 10 and

20 microns. Wire screen
elements have 435 PSI collapse
pressure and nominal ratings of
25, 74, and 149 microns.

For non-bypass applications,

Betamicron® BH, Betamicron®
BH/HC, or Metal Fiber 4plus4
elements must be installed.

Iif a by-pass valve is used,
Betamicron® BN, Betamicron®
BN/HC, or wire screen elements
can be installed.
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